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Description

[0001] The present invention relates to methods for
producing an intermediate printed circuit board product
with an antenna structure for high-frequency applica-
tions. The present invention also relates to an interme-
diate printed circuit board product as well as a printed
circuit board with an antenna structure.
[0002] The selection of laminates for the fabrication of
printed circuit boards (PCB’s) typically available to de-
signers is significantly reduced once operational frequen-
cies increase to 500 MHz and above.
[0003] Disadvantageously standard laminate materi-
als that are regularly used for low cost fabrication of print-
ed circuit boards like FR-4-based laminates have com-
parably high relative permittivities with dielectric con-
stants DC in the range approximately between 4,3 and
5,4. FR-4 (or FR4) is a grade designation assigned to
glass-reinforced epoxy laminate sheets, tubes, rods and
printed circuit boards (PCB). FR-4 denominates a com-
posite material composed of woven fiberglass cloth with
an epoxy resin binder that is flame resistant.
[0004] Due to high relative permittivities and dielectric
constants, respectively, these basic laminates cannot be
used for high-frequency applications like high-speed an-
tennas and/or digital applications working at frequencies
of 500 MHz and above, particularly for high-frequency
applications at high frequencies of 30 GHz and above.
For these high-frequency applications so-called RF lam-
inates (RF short for Radio Frequency) are required with
low dielectric loss as well as conductor loss for improved
insertion loss and signal integrity while maintaining all
other desirable attributes of the standard laminates. Such
RF laminates like PTFE (PolyTetraFluoroEthylene, Te-
flon®)-based materials or hydrocarbon ceramic lami-
nates are designed to offer superior high frequency per-
formance but are very expensive. Also the process efforts
and process costs in PCB manufacturing are very high
when these RF laminates are applied.
[0005] In telecommunication, there are several types
of microstrip antennas that are also known as printed
antennas. The most common of which is the microstrip
patch antenna or patch antenna, respectively. A patch
antenna that is also known as a rectangular microstrip
antenna is a type of radio antenna with a low profile,
which can be mounted on a flat surface. Commonly it
consists of a flat rectangular sheet or patch of metal or
a conductive material, mounted over a larger sheet of
metal called a ground plane. The assembly is usually
contained inside a housing like a plastic radome, which
protects the antenna structure from damage. Patch an-
tennas are simple to fabricate and easy to modify and
customize. They are the original type of microstrip an-
tenna wherein the two metal sheets together form a res-
onant piece of microstrip transmission line with a length
of approximately one-half wavelength of the radio waves.
The radiation mechanism arises from discontinuities at
each truncated edge of the microstrip transmission line.

The radiation at the edges causes the antenna to act
slightly larger electrically than its physical dimensions,
so in order for the antenna to be resonant, a length of
microstrip transmission line slightly shorter than one-half
a wavelength at the frequency is used. A patch antenna
is usually constructed on a dielectric substrate, using the
same materials and lithography processes used to make
printed circuit boards. For example the documents EP 1
501 155 A1, JP 2002-151911 A, JP 1996-111609 A and
WO 2008/102950 A1 show different embodiments of
these antennas.
[0006] Document US 5,444,453 A discloses a micros-
trip antenna structure having an air gap between a radi-
ator patch that is affixed on an inside of a thin substrate
layer and a ground plane. The radiator patch made of a
conductive material is attached the thin substrate layer
made of a dielectric material forming a radiator layer. To
maintain a substantially uniform air gap between the ra-
diator patch and the ground plane several support posts
of a predetermined thickness as well as of the same,
dimple shape have to be arranged between the radiator
layer and the ground layer. Thus the disadvantages of
dielectric basic materials with a low dielectric constant
like PTFE (Teflon®) that are frequently used in microstrip
antenna systems can be overcome as air with a very low
dielectric constant DC of 1,0 is arranged between the
radiator layer and the ground layer.
[0007] Disadvantageously the method of US
5,444,453 A for producing such a microstrip antenna
structure is expensive as well as labour-intensive as a
rigid radiator layer including a substrate layer with radi-
ator patches affixed thereto has to be provided and con-
nected with a ground plane layer via a plurality of support
posts that have to be arranged between the two layers
to ensure the constant air gap width. The support posts
have to be formed for example by punching the bottom
face of the ground plane with a die thereby deforming
the ground plane and resulting in a plurality of protrusions
of ground plane material.
[0008] In another document US 2012/0212384 A1 a
chip package is shown that includes a plurality of layers
including conductive planes connected by vias. The lay-
ers include a first portion with an antenna formed therein
and a parallel-plate mode suppression mechanism to
suppress parallel-plate mode excitation of the antenna.
The parallel-plate mode suppression mechanism in-
cludes a reflector between an antenna cavity and a
ground plane that separates the first portion from a sec-
ond portion of layers. On the inner side of the antenna
cavity a patch antenna is mounted. On the ground plane
an integrated circuit device is surface mounted. Disad-
vantageously the build-up of this chip package is com-
plicated and - as the reflector is positioned offset from
the antenna - is not adapted to the usage of standard
laminate materials that are regularly used for low cost
fabrication of printed circuit boards like FR-4-based lam-
inates. Another disadvantage are long signal line paths
as the IC device is mounted on the opposite ground plane
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side of the antenna
[0009] The prior art comprises also document WO-
A1-2007130027, which discloses a wireless module in-
cluding a top layer, a bottom layer, and an adhesive tape
to connect the top layer to the bottom layer. The top layer
is a two-sided PCB and comprises an antenna array. The
bottom layer comprises a double clad core with a cavity
connected to a bottom two-sided PCB by an adhesive
tape.
[0010] Thus an object of the present invention is to
provide an improved method to construct an antenna
structure for high speed or respective high frequency ap-
plications that can be realized at a highest-possible share
with laminate materials like FR-4-based laminates which
are used in standard PCB production and which have
the benefit of high uptime as well as low raw material
costs.
[0011] Another, more specific object of the present in-
vention is to provide an improved construction method
for the aforementioned antenna structures wherein -
compared with a default PCB production process - no
additional process steps or auxiliary tools for process
equipment are required.
[0012] A further object of the present invention is to
provide a method for producing an intermediate printed
circuit board product or a printed circuit board with an
antenna structure, wherein the antenna or microstrip an-
tenna structure and the digital application are arranged
within the same printed circuit board, preferably within
the same layers of the PCB, to avoid additional physical
connectors like cables between an antenna area and a
digital application area. Another aim of the present in-
vention is to preferably avoid usage of expensive RF lam-
inates like PTFE-based materials or hydrocarbon ceram-
ic laminates to achieve superior high frequency perform-
ance for high-frequency applications when producing an
intermediate printed circuit board product or a printed
circuit board, respectively.
[0013] A further, even more specific aim of the present
invention is to decouple required Radio Frequency (RF)
properties of the antenna structure from the material
properties of the laminates used to build up the antenna
structure.
[0014] The afore-mentioned objects are solved within
the present invention by providing a method for producing
an intermediate printed circuit board product with an an-
tenna structure with the features of claim 1 - or alterna-
tively - with the features of claim 2. Other advantageous
embodiments of the invention are presented in the de-
pendent method claims.
[0015] Advantageously with the inventive production
method according to claim 1 an antenna cavity of an an-
tenna structure can be integrated within an intermediate
printed circuit board product made of standardized lam-
inate stack materials. The at least one antenna cavity
within the PCB is filled with air that shows best conditions
for low insertion and transmission losses due to its low
dielectric constant DC of 1,0. Thus the stacked-up layers

made of standard laminate material like FR-4 laminate
sheets and/or conducting layers exemplarily made of
copper that cover the antenna cavity on its both opposite
sides contribute only with a small share to the total rela-
tive permittivity of the printed circuit board.
[0016] To the best advantage the respective relative
permittivities of the dielectric laminates applied have
comparably minor relevance or no relevance, respective-
ly, in order to achieve superior high frequency perform-
ance of the antenna structure for high-frequency appli-
cations. Thus the properties of the dielectric laminate ma-
terial can be selected and optimized according to indi-
vidual target parameters of the respective application,
for example to optimize heat management targets of the
dielectric material or for economic targets to use cheap
and readily available materials. With the inventive pro-
duction method material selection of dielectric materials
is no longer a compromise between Radio Frequency
(RF) and other applications but can be optimized for any
other purpose which is a major advantage of the invention
that enhances flexibility of the respective production
method decisively.
[0017] Manufacturing of the antenna cavity within the
first semi-finished product can be made for example via
a laser cutting-, punching-, etching- and/or deep routing
process. Depending on the precision that is required to
obtain an antenna cavity with exact outlines, usage of a
release layer that is attached on the ground layer and
that defines the shape of the antenna subarea, can be
of advantage. Thus a cavity projection area that corre-
sponds to the release layer shape can be obtained,
wherein the ground-plane area of the cavity is covered
by the release layer. After manufacturing the antenna
cavity it can be opened like a plug by peeling off the re-
lease layer. This manufacturing feature is also known as
2.5D technology developed by the applicant.
[0018] Advantageously the depth of the antenna cavity
is flexible and can be adapted according to individual
requirements. In order to meet a very low dissipation fac-
tor (DF) which is a measure of loss-rate of energy of a
mode of mechanical, electrical, or electromechanical os-
cillation in a dissipative system, the depth of the antenna
cavity can be adjusted in relation to the inductance of a
patch antenna. Also the antenna design area can be ad-
justed in relation to the depth of the cavity which is another
advantage of the invention.
[0019] Depending on the number of conducting layers
and dielectric insulating layers that are usually stacked
pairwise, the antenna cavity height can be adjusted equal
to the sum of at least one conducting layer height and at
least one dielectric insulating layer height. If applicable
a cavity projection area corresponds to the release layer
shape and is positioned on the antenna subarea covered
by the release layer and wherein a ground-plane area of
the cavity is made up of the release layer.
[0020] As an option also a layer arrangement compris-
ing at least one further dielectric insulating layer and at
least one further conducting layer can be attached to or
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stacked up on said conducting layer. The layer arrange-
ment can comprise even or uneven numbers of layers.
The layer arrangement can comprise for example in one
embodiment further dielectric insulating layers and fur-
ther conducting layers that are alternatingly and pairwise
positioned within the layer arrangement. In another em-
bodiment said layer arrangement can also comprise two
or more further dielectric insulating layers that are
stacked up directly next to one another forming a multi-
layered dielectric insulating layer arrangement, before a
further conducting layer is arranged. Thus also asym-
metrical layer build-ups are covered by said layer ar-
rangement. According to the number of layers comprised
within the layer arrangement and their respective layer
heights, the cavity height of the antenna cavity can be
adjusted.
[0021] Advantageously side walls within the air gap of
the antenna cavity can be covered with a coating. A me-
tallic coating of the side walls works as metalized shield-
ing which increases antenna signal reflection and reduc-
es signal losses. Metallic coating can also shield any dig-
ital processing structure that is arranged on board and
prevent or at least reduce the risk of electric and electro-
static discharges within the PCB. For example copper or
other metals that are regularly used for immersion coat-
ing endsurface processes like nickel, gold, tinn and/or
silver can be used as metal coating materials.
[0022] For the sake of completeness it is mentioned
that in principle different materials can be used as elec-
trically insulating material. Mainly reinforced or unrein-
forced resins or epoxy resins, respectively, like FR-4 or
FR-5 laminate sheets, are used. Alternatively or in addi-
tion also insulating materials made of Teflon®, polya-
mide, polyimide, cyanate ester and/or Bismaleimide-Tri-
azine (BT) resin, as well as glasses or glass-like carrier
materials like multilayer glass, or also ceramics can be
used as insulating materials.
[0023] The alternative method for producing an inter-
mediate printed circuit board according to claim 2 pro-
vides the advantage that the at least one antenna cavity
can be pre-formed via recesses within the one or more
dielectric insulating layer as well as within the one or more
conducting layer. Advantageously in this case so called
"no-flow" or "low-flow", respectively, materials are used
as insulating layer and/or conducting layer. Low-flow pre-
pregs are prepregs which are modified to reduce or limit
their resin flow during lamination and hardening. Thus
cut-out areas or recesses, respectively, can be realised
within these materials that cannot tolerate resin flowing
in. Where appropriate manufacturing of the recesses
within the layers can be made for example via a laser
cutting-, punching-, etching- and/or deep routing proc-
ess. To enhance the precision of antenna cavity manu-
facture it is important that recesses within the respective
insulating layers and conducting layers are positioned
coextensive with other corresponding recesses. Further
on the corresponding recesses shall also be in registry
with a corresponding antenna subarea on an exterior side

of the ground layer. For an antenna cavity that has re-
cesses within different stacked layers that are precisely
in registry with each other, it is also easier to optionally
coat the side walls within the antenna cavity with a met-
alized shielding which increases antenna signal reflec-
tion and reduces signal losses.
[0024] Within the scope of the invention it is also pos-
sible to attach conducting layers and/or insulating layers
without pre-built recesses that firstly cover the respective
recesses of a dielectric insulating layer underneath. The
recesses within the conducting layers and/or insulating
layers that have to be in registry with the respective re-
cesses of the dielectric insulating layers beneath can be
manufactured also on the spot via a material-removal
process like milling.
[0025] Particularly advantageous for a method accord-
ing to the invention the compound signal layer can com-
prise a dielectric no-flow prepreg layer and a conducting
metal layer that is directly attached to the dielectric no-
flow prepreg layer wherein the dielectric no-flow prepreg
layer is attached to the conducting layer of the first semi-
finished product. In this advantageous embodiment the
compound signal layer comprising two layers is provided
in advance before attaching it on the exterior side made
up of the conducting layer of the first semi-finished prod-
uct to cover the antenna cavity. Thus the dielectric no-
flow prepreg layer covering the antenna cavity provides
a flat surface to carry the antenna structure. Advanta-
geously the compound signal layer can be prepared be-
fore laminating it to obtain an intermediate printed circuit
board product. Preferably the conducting metal layer,
which is attached to the dielectric no-flow prepreg layer,
is recessed in cavity projection areas where one or sev-
eral antenna cavities are located beneath. Also of advan-
tage is that the dielectric no-flow prepreg layer keeps its
flat surface also during lamination in that region where it
serves as antenna cavity cover.
[0026] In a further practical embodiment of the inven-
tive method the ground layer can be made of a laminated
compound layer comprising at least two conducting metal
layers laminated with an insulating layer in between the
at least two conducting metal layers. Usage of a pre-
laminated compound layer as ground layer improves pro-
duction handling and reduces production costs. Option-
ally a layer arrangement comprising at least one further
insulating layer and at least one further conducting metal
layer can be stacked up and laminated with the preceding
layers to form the laminated compound layer. These fur-
ther layers can be laminated in one single lamination step
or alternatively in two or more separate lamination steps
to receive a laminated compound layer that serves as
ground layer according to the invention. Preferably one
or several pairs of a further insulating layer and a further
conducting metal layer can be stacked alternately and
can be laminated with the preceding layers to form the
laminated compound layer or ground layer, respectively.
In another preferred embodiment also an asymmetrical
layer build-up is possible wherein for example two or
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more insulating layers can be stacked up directly next to
one another.
[0027] Usefully in an embodiment of a production
method according to the invention the antenna cavity can
have a vent through-hole arranged between the ground-
plane area of the cavity and an exterior side of the inter-
mediate printed circuit board product. In this embodiment
the vent through-hole ensures that a pressure compen-
sation can take place between the inside pressure within
the antenna cavity and the surrounding pressure outside
of the PCB.
[0028] In a preferred realisation of the inventive meth-
od the antenna cavity can be surrounded with shielding
vias that are arranged within the laminated ground layer
and/or at least one dielectric insulating layer and/or con-
ducting layer and/or compound signal layer in a distance
in regard to the antenna cavity. Shielding vias act as elec-
tric screen to shield the antenna structure and the anten-
na cavity, respectively, from electric and electrostatic dis-
charges within the PCB. Also of advantage is that the
shielding vias enhance the mechanical strength of the
intermediate printed circuit board product or the printed
circuit board, respectively. Particularly of advantage is
when the shielding vias are positioned in extension to
the corners of the at least one antenna cavity.
[0029] In a further preferred embodiment of the inven-
tive method the antenna structure can comprise an an-
tenna design area that is arranged on an exterior side of
the compound signal layer. Preferably the antenna de-
sign area is attached on the dielectric no-flow prepreg
layer as this layer provides a flat surface and covers the
antenna cavity located beneath. In an especially pre-
ferred embodiment the antenna design area is attached
on the upper exterior side of the dielectric no-flow prepreg
layer.
[0030] In a preferred embodiment the antenna struc-
ture with one or several antenna design areas is realized
on the upper exterior side of the dielectric no-flow prepreg
layer that is part of the compound signal layer. The at
least one antenna design area may comprise an antenna
structure, for example with micro-vias of a travelling wave
antenna with a main line and several open stubs being
arranged in a way that the open stubs end well before
the side walls of the antenna cavity that is located under-
neath. An antenna signal line is required that connects
the antenna design area with a signal processing unit
that is preferably arranged on the same printed circuit
board.
[0031] Advantageously in another preferred embodi-
ment of the inventive method a digital processing area
with a digital processing structure that comprises at least
one signal processing unit is surface-mounted on or em-
bedded within the intermediate printed circuit board prod-
uct in a distance in regard to the antenna cavity. The
signal processing unit is connected via at least one an-
tenna signal line with the antenna structure and is de-
signed for analogue and digital signal processing of an-
tenna signals. Thus an antenna structure and a digital

processing structure for digital processing are arranged
within the same printed circuit board, preferably within
the same layers of the printed circuit board. Advanta-
geously no additional physical connectors like cables are
required for processing of digital applications. In a pre-
ferred embodiment where the antenna structure and the
digital processing structure are arranged within the same
layers, advantageously antenna signal lines can be de-
signed along shortest routes between the respective
structures to avoid signal losses due to the high frequen-
cy antenna signals.
[0032] To give an example the digital processing struc-
ture can comprise a signal processing unit with a radio
frequency integrated circuit (RFIC) chip that is already
known in the art. Applications for RFICs include radar
and communications, although the term RFIC might be
applied to any integrated electrical circuit. The signal
processing unit is designed for analogue and digital sig-
nal processing of antenna signals and may further com-
prise at least one radio frequency (RF) mixer that can be
integrated as a component within the RFIC-chip or can
be a separate component. A frequency mixer can be used
to convert a high-frequency antenna signal to a medium-
frequency signal that can be processed further in the sig-
nal processing unit. The signal processing unit can fur-
ther comprise at least one filter, AD converter, decoder,
amplifier, memory unit and/or power supply unit. The sig-
nal processing unit is connected via at least one antenna
signal line with the antenna structure. The antenna signal
line has to be adapted for high frequency antenna signals.
For example a microstrip line can be used as antenna
signal line. With the aforesaid embodiment of a digital
processing structure several electrical functions can be
realized by the circuitry according to the invention.
[0033] Particularly for high-frequency applications with
signal frequencies of approximately 30 GHz and above,
it is of advantage to use a RF laminate layer to position
the antenna design area and preferably also the antenna
signal line thereon. A RF laminate layer is made for ex-
ample of materials like PTFE-based materials or hydro-
carbon ceramic laminates with low dissipation factor DF
and also very low dielectric constant DC. Such RF lam-
inate layers are adapted for high-frequency applications
and help to further enhance the antenna performance.
To give examples of established types and brands of RF
laminate materials, for example Megtron 6 and Megtron
7 materials of Panasonic, EM888 material of EMC,
Pyralux TK laminate of Du Pont and laminates RO 3003
and RO 4830 of Rogers can be used for the build-up of
a signal compound layer within the scope of the invention.
Other antenna embodiments known in the art usually are
designed in a way that their build-up requires usage of
several RF laminate layers what is expensive. Advanta-
geously according to the inventive build-up, usage of a
single RF laminate layer already can enhance the anten-
na performance, as well as the antenna signal transmis-
sion between the antenna design area and the signal
processing unit, significantly.
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[0034] Particularly convenient is a method according
to the invention wherein the digital processing structure
can comprise one or more plated through holes (PTH)
passing through the intermediate printed circuit board
product from a first exterior side of the intermediate print-
ed circuit board product to an opposite second exterior
side. Thus for example a radio frequency integrated cir-
cuit (RFIC) chip that is part of the signal processing unit
can be surface-mounted on one side of the intermediate
printed circuit board product and can be connected via
plated through holes with any layer including the ground
layer on the opposite exterior side of the board.
[0035] The aforesaid varieties of methods according
to the invention can also be used to obtain a printed cir-
cuit. Advantageously for this purpose solder masks are
affixed on one or both exterior sides of one intermediate
printed circuit board product or on one or both exterior
sides of at least two previously interconnected and
stacked-up intermediate printed circuit board products.
Structured solder layers can be applied within recesses
of the solder masks. Optionally the solder masks can be
removed.
[0036] In case two or more intermediate printed circuit
board products are stacked-up to obtain a multi-layered
printed circuit board, it is obvious for the skilled person
that if any vent through-hole is arranged between the
ground-plane area of the antenna cavity and an exterior
side of a first intermediate printed circuit board product,
it may be necessary to extend the vent through-hole also
throughout the interconnected further intermediate print-
ed circuit board products right up to an outer surface of
the printed circuit board.
[0037] The same may be true if any digital processing
area is realised comprising a digital processing structure.
Thus in case several intermediate printed circuit board
products are stacked-up it may be necessary to embed
components of the signal processing unit like for example
to embed a RFIC-chip. It may also be of advantage to
design respective antenna signal lines that are at least
partly arranged on the same level of structured conduct-
ing layers.
[0038] In another embodiment where further layers are
stacked up on top of the antenna structure it may be
necessary to cut out these further layers in the projection
of the antenna cavities and the corresponding antenna
structures to avoid that respective antenna design areas
are covered by these further layers. Or, in other words,
the antenna structures can be surrounded by further
stacked-up layers as long as these further layers have
recesses in the cavity projection areas of the antenna
cavities.
[0039] When stacking up two or more intermediate
printed circuit board products it may also be of advantage
if applicable to extend plated through holes passing
through a first intermediate printed circuit board product
into one or more interconnected further intermediate
printed circuit board products accordingly.
[0040] In a further preferred embodiment of the inven-

tive method at least one component is embedded within
the layers of the intermediate printed circuit board prod-
uct.
[0041] The component may be selected from a group
consisting of an electrical non-conductive inlay, an elec-
trical conductive inlay such as a metal inlay that prefer-
ably comprises copper or aluminium, a heat transfer unit
for example a heat pipe, a light guiding element for ex-
ample an optical waveguide or a light conductor connec-
tion, an electronic component or combinations thereof.
[0042] The electronic component may be selected
from a group consisting of an active electronic compo-
nent, a passive electronic component, an electronic chip,
a storage device e.g. a DRAM or other data memories,
a filter, an integrated circuit, a signal processing compo-
nent, a power management component, an optoelectron-
ic interface element, a voltage converter e.g. a DC/DC
converter or AC/DC converter, a cryptographic compo-
nent, a transmitter and/or receiver, an electromechanical
transducer, a sensor, an actuator, a microelectrome-
chanical system (MEMS), a microprocessor, a capacitor,
a resistor, an inductance, a battery, a switch, a camera,
an antenna, a logic chip and an energy harvesting unit.
However, other electronic components may be embed-
ded in the electronic device. For example, a magnetic
element can be used as an electronic component. Such
a magnetic element may be a permanent magnetic ele-
ment (such as a ferromagnetic element, an antiferromag-
netic element or a ferrimagnetic element, for instance a
ferrite core) or may be a paramagnetic element. Such an
electronic component may be surface-mounted on the
component carrier and/or may be embedded in an interior
thereof. However, also other electronic components, in
particular those which generate and emit electromagnet-
ic radiation and/or are sensitive with regard to electro-
magnetic radiation propagating to the electronic compo-
nent from an environment, may be used for the described
electric in the electronic system.
[0043] Each active electronic component like for ex-
ample an electronic chip, especially a flip chip, or each
passive electronic component like a capacitor, a resistor,
an inductance or any magnetic element like a magnetic
ferrite core can be understood as electronic component
according to the invention that can be embedded within
the intermediate printed circuit board product. Further
examples for embedded electronic components are data
storage devices like a dynamic random access memory
(DRAM), filters that can be configured for example as
highpass filter, low-pass filter or band-pass filter or that
can be used as frequency filters. Also an integrated circuit
(IC) like a so-called logic IC, any signal processing com-
ponent like a microprocessor, any performance manage-
ment component, any opto-electronic device, any volt-
age converter like a DC/DC-converter or AC/DC-convert-
er, any electromechanical converter like a lead-zirconium
titanate (PZT)-sensor and/or -actor, as well as any send-
er unit or receiving unit for electromagnetic waves like a
RFID-chip or -transponder, any cryptographic compo-
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nent, capacity, inductivity or switch like a transistor-based
switch are comprised alone or combined with the afore-
mentioned or together with other functional electronic
components by the aforesaid term of an electronic com-
ponent to be embedded. Furthermore the electronic com-
ponent can also comprise a microelectromechanical sys-
tem (short MEMS), a battery, an accumulator, a camera
or an antenna.
[0044] The afore-mentioned tasks are also solved
within the present invention by providing an intermediate
printed circuit board product with an antenna structure
with the features of the characterising part of claim 10.
Other advantageous embodiments of the invention are
also presented in the dependent product claims.
[0045] Advantageously an intermediate printed circuit
board product according to the invention that comprises
an antenna structure is built up of laminated semi-fin-
ished products that are themselves built up by standard-
ized laminate stack materials and/or by conducting lay-
ers. The at least one antenna cavity within the interme-
diate printed circuit board or later PCB, respectively, is
filled with air that shows best conditions for low insertion
and transmission losses due to its low dielectric constant
DC of 1,0. The stacked-up layers made of standard lam-
inate material like FR-4 laminate sheets and/or by con-
ducting layers exemplarily made of copper that cover the
antenna cavity on its both opposite sides contribute only
with a small share to the total relative permittivity of the
printed circuit board. Thus the printed circuit board can
be produced at low production costs with standard PCB
manufacturing equipment due to the usage of standard
stack-up materials that are regularly applied in PCB pro-
duction. Due to the fact that air is within the antenna cavity
the overall permittivity of the PCB can be kept low and
thus the efficiency of high speed transmission can be
improved. Although applied standard materials show rel-
atively high dielectric constants and high permittivity, re-
spectively.
[0046] Shielding vias act as electric screen to shield
the antenna structure and the antenna cavity, respec-
tively. Particularly of advantage is that shielding vias also
enhance the mechanical strength of the intermediate
printed circuit board product or the printed circuit board,
respectively, especially in vicinity to the antenna cavity.
In a preferred embodiment of the invention shielding vias
are positioned in extension to the corners of the at least
one antenna cavity.
[0047] Also of advantage is that the antenna cavity
within the first semi-finished product can be manufac-
tured for example via a laser cutting-, punching-, etching-
and/or deep routing process.
[0048] In a further practical embodiment of the inven-
tion an intermediate printed circuit board product can
comprise a compound signal layer with a dielectric no-
flow prepreg layer and a conducting metal layer directly
attached to the dielectric no-flow prepreg layer wherein
the dielectric no-flow prepreg layer is attached to a con-
ducting layer of the first semi-finished product. In this

advantageous embodiment the compound signal layer
comprising two layers is provided in advance before at-
taching it on the exterior side made up of the conducting
layer of the first semi-finished product to cover the an-
tenna cavity. The dielectric no-flow prepreg layer has the
advantage to provide a flat surface for the antenna design
area.
[0049] Usefully an intermediate printed circuit board
product according to the invention can comprise a digital
processing area with a digital processing structure com-
prising at least one signal processing unit. The digital
processing area and, more specifically, the digital
processing structure is mounted on or embedded within
the intermediate printed circuit board product in a dis-
tance to the antenna cavity. The signal processing unit
is connected via at least one antenna signal line with the
antenna structure that is designed for analogue and dig-
ital signal processing of antenna signals. The antenna
signal line is adapted for transmission of high frequency
antenna signals. For example a microstrip line can be
used as antenna signal line.
[0050] The signal processing unit can comprise a radio
frequency integrated circuit (RFIC) chip that is already
known in the art. The signal processing unit is designed
for analogue and digital signal processing of antenna sig-
nals and may further comprise at least one radio frequen-
cy (RF) mixer that can be integrated as a component
within the RFIC-chip or can be a separate component.
The signal processing unit can further comprise at least
one filter, AD converter, decoder, amplifier, memory unit
and/or power supply unit. Several electrical functions can
be realized by the circuitry according to the invention.
[0051] For embodiments with embedded components
of the signal processing unit like an embedded RFIC-
chip, these parts or components can be arranged within
the laminated ground layer and/or at least one laminated
dielectric insulating layer and/or at least one conducting
layer and/or compound signal layer in a distance to the
antenna cavity. Thus an antenna structure and a digital
processing structure for digital signal processing are ad-
vantageously arranged within the same printed circuit
board, preferably within the same layers of the printed
circuit board. Thus antenna signal lines can be designed
along shortest paths between the antenna design area
and the signal processing unit to avoid signal losses.
[0052] The same is valid for an embodiment with a sur-
face-mounted signal processing unit, where for example
a RFIC-chip is surface mounted. Also in this case it is
preferred to arrange the antenna structure and the re-
spective digital processing structure for digital signal
processing within the same layers of the printed circuit
board to be able to keep the connecting antenna signal
line paths short.
[0053] Usefully an intermediate printed circuit board
product can have at least one antenna cavity with a vent
through-hole starting from the ground-plane area of the
antenna cavity and passing throughout the laminated
ground layer to enhance pressure compensation be-
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tween the inside pressure within the antenna cavity and
the surrounding pressure outside of the intermediate
printed circuit board product or a PCB, respectively.
[0054] In a further embodiment of the invention the in-
termediate printed circuit board product can comprise at
least one component that is embedded within the layers
of the intermediate printed circuit board product.
[0055] In another development of the invention a print-
ed circuit board with an antenna structure can be indi-
cated comprising at least one intermediate printed circuit
board product wherein a solder mask is applied on one
or both exterior sides of one intermediate printed circuit
board product or on one or both exterior sides of at least
two previously interconnected and stacked-up interme-
diate printed circuit board products. Optionally the outer
surfaces are finished before to receive the printed circuit
board. The aforesaid advantages of an intermediate
printed circuit board product apply equivalently also for
a printed circuit board according to the invention.
[0056] Other objects, advantages, and novel features
of the present invention will become more apparent from
the following detailed description when taken in conjunc-
tion with the accompanying schematic drawings:

- Fig. 1 is a sectional view along a vertical plane illus-
trating a first embodiment of a printed circuit board
with an antenna structure as well as provided to be
equipped with a digital processing structure accord-
ing to the present invention.

- Fig. 1A is a sectional view of a printed circuit board
obtained from the embodiment as shown in Fig. 1
with structured conducting paths and after assem-
bling a surface-mounted signal processing unit.

- Fig. 1B is a top view of a detail of Fig. 1A.
- Fig. 2 shows a detail of another embodiment of a

printed circuit board build-up according to the inven-
tion. In a sectional view along a vertical plane the
several production steps to produce a printed circuit
board with an antenna structure according to an al-
ternative second inventive production method after
structuring the conducting paths and assembling is
illustrated.

- Fig. 3A or Fig. 3B to Fig. 6 each show in succession
different production steps details of the manufacture
of an intermediate printed circuit board product with
an antenna structure, wherein Fig. 3A and Fig. 4A
refer to a first alternative manufacturing method and
Fig. 3B and Fig. 4B refer to an alternative second
method of manufacture;

- Fig. 3A shows in a sectional view along a vertical
plane a ground layer comprising a release layer that
is removable positioned on an antenna subarea of
an exterior side of the ground layer;

- Fig. 4A illustrates in an isometric and partly sectional
view the step of attaching a dielectric insulating layer
and a conducting layer on the exterior side of the
ground layer that is partly covered by the release
layer before laminating the layers to receive a first

semi-finished product;
- Fig. 3B shows in a sectional view along a vertical

plane a ground layer without release layer;
- Fig. 4B illustrates in an isometric and partly sectional

view the step of attaching a dielectric insulating layer
and a conducting layer on the exterior side of the
ground layer before laminating the layers to receive
a first semi-finished product, wherein recesses with-
in the dielectric insulating layer and the conducting
layer are stacked in a coextensive way to form an
antenna cavity;

- Fig. 5 shows in an isometric and partly sectional view
the laminated first semi-finished product with an an-
tenna cavity;

- Fig. 6 illustrates in a sectional view along a vertical
plane the intermediate printed circuit board product
wherein the antenna cavity is covered by a com-
pound signal layer;

- Fig. 7 shows in a top view a detail of an antenna
structure of another embodiment of an intermediate
printed circuit board according to the invention;

- Fig. 8 depicts a sectional view according to sectional
plane A-A as marked in Fig. 7.

- Fig. 9 is a sectional view of another embodiment of
a printed circuit board according to the invention,
comprising a surface-mounted signal processing
unit that is connected with the ground layer of the
printed circuit board by through holes.

- Fig. 10 is a sectional view of an alternative embod-
iment of a printed circuit board according to the in-
vention with HDI (high-density interconnect) any-lay-
er design.

[0057] In the schematic drawings enclosed, conduct-
ing layers are for ease of understanding most commonly
shown as flat continuous conducting layers - except for
those drawings where explicitly conducting paths of al-
ready structured conducting layers are shown that are
connected by vias. Thus those drawings showing sche-
matically continuous conducting layers without struc-
tured conducting paths and without respective vias, mi-
cro-vias, plated through-holes and the like to connect the
conducting layers, do not illustrate their electrical function
that is per se known to those skilled in the art. It is also
known to the skilled person how to design and to structure
conducting layers to receive the appropriate conducting
paths according to the particular tasks. Main purpose of
the drawings is to illustrate in a schematic way the re-
spective layer structure during the production of an inter-
mediate printed circuit board product according to the
invention. It is emphasized that the drawings are not true
to scale as for example the layer thickness of the con-
ducting layers is shown at an enlarged scale compared
to other layers like insulating layers. Also several parts
or components are not depicted true to scale.
[0058] With reference to Fig. 1, a preferred embodi-
ment of a printed circuit board 1 with an antenna structure
5 is shown, wherein the antenna structure 5 comprises
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an antenna design area 6 as well as an antenna cavity
60. When producing the printed circuit board 1 according
to the invention firstly a ground layer 10 with an exterior
side 11 of the ground layer 10 is provided. The ground
layer 10 comprises a first conducting metal layer 14, a
second conducting metal layer 16 and an insulating layer
18, that is arranged and laminated between the conduct-
ing metal layers 14,16. On the exterior side 11 of the
ground layer within an antenna subarea 12 a release
layer 20 is positioned, as can be seen in more detail in
Fig. 3A.
[0059] Fig. 3A and Fig. 4A refer to details of individual
stages of the first alternative manufacturing method as
shown in Fig. 1 using an optional release layer 20 to
obtain later on an antenna cavity with preferably exact
outlines.
[0060] Back to Fig. 1 furthermore a dielectric insulating
layer 30 with an exterior side 31 of the dielectric insulating
layer 30 and a dielectric insulating layer height 35 is at-
tached on the ground layer 10. On the exterior side 11
of the ground layer 10 that is partly covered by the release
layer 20 the release layer 20 is arranged between the
ground layer 10 and the dielectric insulating layer 30.
Also a conducting layer 40 with a conducting layer height
45 is attached on the dielectric insulating layer 30 in a
way that the dielectric insulating layer 30 is arranged be-
tween the conducting layer 40 and the ground layer 10.
[0061] Reference is made to Fig. 3A that shows the
ground layer 10 in more detail. On the exterior side 11
of the ground layer within an antenna subarea 12 a re-
lease layer 20 is removable positioned. The position 22
of the release layer 20 on the exterior ground layer side
11 as well as the release layer shape 25 of the release
layer 20 corresponds with the position and shape of the
antenna cavity 60.
[0062] Fig. 4A illustrates the step of attaching a dielec-
tric insulating layer 30 and a conducting layer 40 on the
exterior side of the ground layer 10 that is partly covered
by the release layer 20 before laminating the layers to
receive a first semi-finished product 50. The first semi-
finished product 50 comprises an exterior side 51 of the
first semi-finished product 50 that is formed by the con-
ducting layer.
[0063] Ensuing from the first embodiment of the pro-
duction method as depicted in Fig. 4A, within the first
semi-finished product 50 and starting on its exterior side
51 that is made up of the conducting layer 40 an antenna
cavity 60 is manufactured for example via a laser cutting
and/or deep routing process throughout the conducting
layer 40 as well as the dielectric insulating layer 30 with
a cavity height 65 equal to the sum of the conducting
layer height 45 and the dielectric insulating layer height
35. A cavity projection area 61 of the antenna cavity 60
corresponds to the release layer shape 25 and the re-
lease layer position 22 as of the release layer 20 on the
antenna subarea 12. Fig. 5 shows a ground-plane area
62 of the antenna cavity 60 that is made up of the release
layer 20. Due to the release layer 20 the cut-out and/or

shaped-out material of the conducting layer 40 and die-
lectric insulating layer 30 can easily be taken out of the
cavity projection area 61 to form the antenna cavity 60.
Optionally the antenna cavity 60 can be coated with a
metal coating 66 on its side walls 67, 68 as is shown in
Fig. 1 and can be seen in more detail also in Fig. 5.
[0064] As depicted in Fig. 1, optionally a vent through-
hole 69 can be drilled between the ground-plane area 62
of the antenna cavity 60 and an outer surface 99 of the
printed circuit board 1. This vent through-hole 69 is man-
ufactured as non-plated through hole and enhances
pressure compensation between the interior of the an-
tenna cavity 60 and the surrounding of the printed circuit
board 1. Afterwards a compound signal layer 70 with an
exterior side 71 of the signal layer 70 is attached on the
exterior side 51 of the first semi-finished product 50 that
is made up of the conducting layer 40. Thus the com-
pound signal layer 70 covers the antenna cavity 60. After
lamination of the compound signal layer 70 with the con-
ducting layer 40 a compound antenna layer 75 is received
comprising a dielectric no-flow prepreg layer 76 and a
conducting metal layer 78 forming the compound signal
layer 70 as well as the conducting layer 40.
[0065] After laminating the first semi-finished product
50 and the compound signal layer 70 an intermediate
printed circuit board product 80 is received that is shown
in more detail also in Fig. 6.
[0066] To receive a printed circuit board 1, afterwards
solder masks 91, 92 are affixed on both exterior sides
81, 82 of the intermediate printed circuit board product
80 to apply structured solder layers 90 within recesses
95 of the solder masks 91, 92. The skilled person is per-
fectly acquainted with the technology how to apply solder
layers as preparation for components that are later on
mounted on the printed circuit board via soldering. Op-
tionally the outer surfaces 99 are finished to receive a
printed circuit board 1 with an antenna structure 5 as is
illustrated in Fig. 1. In Fig. 1 the antenna structure 5 and
a digital processing area 105 each are marked by dotted
lines.
[0067] Fig. 1A shows in a sectional view a printed cir-
cuit board 1 obtained from the embodiment as shown in
Fig. 1 with structured conducting paths of conducting lay-
ers 14, 16, 40, 78 that are connected by vias according
to their electrical function. In Fig. 1A also a surface-
mounted signal processing unit 101 is already assembled
within a digital processing area 105.
[0068] In Fig. 1A also an aerial view of the antenna
design area 6 is inserted. The antenna design area 6 is
arranged on an exterior side 71 of the compound signal
layer 70 is illustrated as an insert surrounded by dotted
lines that show the outer contour of the antenna cavity
60 beneath, which is the cavity projection area 61. A mi-
cro-via structure that is printed on the upper exterior side
of the dielectric no-flow prepreg layer 76 is shown within
the antenna design area 6. As can be seen the antenna
stubs of the micro-via structure end in a distance to the
cavity projection area 61.
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[0069] Fig. 1B is a top view of a detail of Fig. 1A. In this
embodiment a digital processing structure 100 is posi-
tioned within a digital processing area 105. The digital
processing structure 100 comprises here a signal
processing unit 101 with a radio frequency integrated cir-
cuit (RFIC) chip 102 that is already known in the art. The
RFIC-chip 102 is mounted on the printed circuit board 1.
The signal processing unit 101 is designed for analogue
and digital signal processing of antenna signals and fur-
ther comprises a radio frequency (RF) mixer that is inte-
grated as a component within the RFIC chip 102. Here
the RF mixer is used to convert a high-frequency antenna
signal to a medium-frequency signal that can be proc-
essed further in the signal processing unit 101. The signal
processing unit 101 also comprises at least one filter, AD
converter, decoder, amplifier, memory unit and/or power
supply unit. The signal processing unit 101 is connected
via an antenna signal line 104 with the antenna structure
5, which is adapted for high frequency antenna signals.
For example here a microstrip line is used as antenna
signal line 104. Several electrical functions can be real-
ized by the circuitry according to the invention.
[0070] Fig. 1B illustrates that within an antenna struc-
ture 5 there is an antenna design area 6 realized on the
upper exterior side 71 of the compound signal layer 70.
The antenna design area 6 shows an antenna structure
for example of a travelling wave antenna with a main line
and several open stubs being arranged in a way that the
open stubs end well before the side walls of the below
antenna cavity 60. The below-lying antenna cavity 60 or
the contour of its cavity projection area 61, respectively,
is shown in Fig. 1B as dotdashed line. The distance be-
tween the antenna design area 6 and the cavity projection
area 61 does not need to be a single, constant measure.
Thus the shape of the antenna cavity 60 beneath and its
cavity projection area 61, respectively, can also deviate
from the contour of the micro-via structure of the antenna
design area 6. An antenna signal line 104 connects the
antenna design area 6 and the RFIC-chip 102 via solder
pads 96 that are arranged here in a ball grid array (BGA)
according to the position of respective interconnection
pins 103 that are arranged on the bottom side of the RFIC-
chip 102. The shown pins 103 are solder balls. BGA pack-
ages are used to permanently mount devices such as
microprocessors. Fig. 1B shows the footprint of the ball
grid array, while the RFIC-chip 102 is shown in a lifted
position before being soldered with its pins 103 on the
respective solder pads 96.
[0071] Components and/or parts of the signal process-
ing unit 101 may be embedded especially within the same
laminated ground layer 10, laminated dielectric insulating
layer 30, conducting layer 40 as well as compound signal
layer 70 in a distance 125 in regard to the antenna cavity
60.
[0072] The digital structure 100 comprises here also a
plated through hole 120 passing through the intermediate
printed circuit board product 80 from a first exterior side
81 of the intermediate printed circuit board product 80 to

an opposite second exterior side 82. As shown exempla-
rily in Fig. 1, the side walls within the through hole 120
are covered with a coating 66. Additionally the antenna
cavity 60 is surrounded by several shielding vias 110 that
are arranged here within the laminated ground layer 10,
the dielectric insulating layer 30, the conducting layer 40
as well as the compound signal layer 70 each in a dis-
tance 115 in regard to the antenna cavity 60.
[0073] Fig. 2 illustrates the several production steps to
produce a printed circuit board 1 according to an alter-
native second inventive method without usage of a re-
lease layer. A signal processing unit 101 is already em-
bedded within a digital processing area 105. Reference
numbers are the same as in Figures 1 and 1A. Compared
to Fig. 1, in Fig. 2 a further dielectric insulating layer 30’
and a further conducting layer 40’ are shown that are
stacked alternatingly on top of the preceding layers 30,
40. As material for the dielectric insulating layers 30, 30’
a standard FR-4 material is taken. Thus an enlarged an-
tenna cavity 60 with an enlarged cavity height 65 is ob-
tained. The printed circuit board 1 is shown with already
structured conducting paths of conducting layers 14,16,
40, 40’, 78 according to their electrical function. The plu-
rality of layers include conductive planes with structured
conducting paths that are connected by vias. Also the
signal processing unit 101 is already assembled and con-
tacted with the antenna design area 6 via an antenna
signal line 104. The antenna signal line 104 is designed
as short path within the conducting metal layer 78, thus
on the same layer as the antenna contacts and the inter-
connection pins 6 of the embedded RFIC-chip 102 are
positioned. As Fig. 2 shows only a detail of a sequential
layer build-up of a printed circuit board 1, further layers
that are comprised in this build-up are indicated via
dashed lines only.
[0074] Fig. 3B and Fig. 4B refer to details of individual
stages of the second alternative method of manufacture
without using a release layer comparable with Fig. 2. In
Fig. 3B a ground layer 10 without release layer is shown.
Fig. 4B illustrates in an isometric and partly sectional view
the step of attaching a first dielectric insulating layer 30
and a first conducting layer 40 on the exterior side 11 of
the ground layer 10 before optionally stacking up further
dielectric insulating layers 30’ and conducting layers 40’
in an alternating arrangement. These further layers 30’
and 40’ are not shown in Fig. 4B. After arranging these
layers 30, 40, 30’, 40’ together with the ground layer 10,
the stack of layers 10, 30, 40, 30’, 40’ is laminated to
receive a first semi-finished product 50, wherein recess-
es 39, 39’ within the dielectric insulating layers 30, 30’
and respective recesses 49, 49’ within the conducting
layers 40, 40’ are stacked in a coextensive way to form
an antenna cavity 60.
[0075] A first semi-finished product 50 as shown in Fig.
5 can be easily derived by laminating the respective lay-
ers 10, 30, 40. As mentioned previously, also further layer
arrangements like pairs of dielectric insulating layers 30’
and conducting layers 40’, that are stacked alternatingly,
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can be laminated together with the preceding layers to
obtain a multi-layered semi-finished product 50.
[0076] Fig. 7 shows in a top view a detail of an antenna
structure 5 of another embodiment of an intermediate
printed circuit board 1 according to the invention.
[0077] Fig. 8 depicts a sectional view according to sec-
tional plane A-A as marked in Fig. 7. The antenna design
area 6 has here a complex, tree-like shape. The respec-
tive antenna cavity 60 underneath has an enlarged shape
comparable to that of the antenna design area 6. Thus
the cavity projection area 61 of the antenna cavity 60 is
larger than the antenna design area 6. The antenna stubs
of the micro-via structure end in a distance to the cavity
projection area 61. It is emphasized that said distance
between the antenna design area 6 and the cavity pro-
jection area 61 does not need to be a single, constant
measure. Thus the shape of the antenna cavity 60 be-
neath does not have to be in exact equidistance in regard
to the micro-via structure of the antenna design area 6.
The antenna is here attached to the dielectric no-flow
prepreg layer 76. Advantageously the cavity height 65 of
the antenna cavity 60 can be adjusted depending on the
number of stacked-up layers 30, 40. The antenna cavity
60 is made for example via a laser cutting process where-
in the applicants’ 2.5D technology is applied.
[0078] Fig. 9 is a sectional view of another embodiment
of a printed circuit board 1 according to the invention,
comprising a surface-mounted signal processing unit
101 that is connected with the ground layer 10 of the
printed circuit board 1 by through holes 120. The layer
wise build-up as shown in Fig. 9 is the same as previously
described in Figures 1 and 1A. Also the respective ref-
erence numbers are the same as previously used and
refer to the same items. In Fig. 9 the conducting paths
are already structured and are connected by vias. The
interconnection pins 103 of a surface-mounted RFIC-
chip 102 are connected within plated through holes 120
and solder pads 96 to the ground layer 10. The through
holes 120 pass through all layers of the printed circuit
board 1. As antenna signal line 104 a microstrip line is
used which is designed as short connection between the
antenna structure 5 and the digital processing structure
100.
[0079] Fig. 10 illustrates another alternative embodi-
ment of a printed circuit board 1 according to the invention
with a HDI (high-density interconnect) any-layer design.
This embodiment includes a plurality of layers including
conducting layers connected by vias. Here in this em-
bodiment the electrical connections between the individ-
ual layers mainly consist of laser-drilled microvias. The
main advantage of this technology is that all the layers
can be freely interconnected. In general laser-drilled mi-
crovias electroplated with copper are used. This printed
circuit board 1 is manufactured for example according to
a sequential layer build-up (SBU). Thus manufacture is
started with a core (double sided or an insulator), with
conductive and dielectric layers formed one after the oth-
er on both sides of the board. This technology also allows

blind vias to be created during the build-up process, and
discrete or formed components to be embedded.
[0080] To illustrate manufacture of the upper interme-
diate printed circuit board product 80 with an antenna
structure 5 as shown in the upper part of Fig. 10, the
following steps have to be taken to obtain this upper part.
The upper part is shown in Fig. 10 above the core material
130 in the middle that is taken as starting material. Ac-
cording to SBU technique applied for this manufacture,
it is obvious for the skilled person that layer wise build-
up is formed one after the other on both sides of the core
material 130 simultaneously. Thus description of the low-
er part, which are the layers that are shown in Fig. 10
below the core material 130, will follow later on. Back to
the main manufacture steps of the upper intermediate
printed circuit board product 80:

- As starting material a core material 130 is provided.
The core material 130 is here a dielectric insulating
layer 30.

- A ground layer 10 that is made up of a first conducting
metal layer 14, an insulating layer 18 and a second
conducting metal layer 16 is attached to the core
material 130.

- A release layer 20 with a release layer shape is po-
sitioned on one exterior side of the ground layer 10,
wherein the release layer 20 is removably positioned
on an antenna subarea 12 of the exterior side 11 of
the ground layer 10.

- A first dielectric insulating layer 30 is attached on
one exterior side of the ground layer 10 that is partly
covered by the release layer 20, wherein the release
layer 20 is arranged between the ground layer 10
and the dielectric insulating layer 30.

- A first conducting layer 40 on a first exterior side of
the dielectric insulating layer 30 opposite to the
ground layer 10 wherein the dielectric insulating lay-
er 30 is arranged between the conducting layer 40
and the ground layer 10.

- A layer arrangement of a further dielectric insulating
layer 30’ and a further conducting layer 40’ is at-
tached, whereby the further dielectric insulating layer
30’ is attached on said conducting layer 40 and the
further conducting layer 40’ is attached on the further
dielectric insulating layer 30’.

- The ground layer 10, the dielectric insulating layers
30 and 30’, the conducting layers 40 and 40’ and the
release layer 20 are here laminated layer-wise and
after that a first semi-finished product 50 is obtained.

- An antenna cavity 60 is manufactured via laser-cut-
ting within the first semi-finished product 50 starting
on its exterior side that is made up of the upper con-
ducting layer 40’ and that extends throughout the
conducting layers 40, 40’ as well as the dielectric
insulating layers 30, 30’. The cavity height of the an-
tenna cavity 60 is equal to the sum of the respective
layer heights. Thus a cavity projection area that cor-
responds to the release layer shape can be obtained,
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wherein the ground-plane area of the cavity is cov-
ered by the release layer 20. After manufacturing the
antenna cavity 60 it can be opened like a plug by
peeling off the release layer 30. This manufacturing
feature is also known as 2.5D technology developed
by the applicant.

- The side walls within the antenna cavity 60 are met-
allized with a copper coating 66.

- A compound signal layer 70 is attached on the ex-
terior side made up of the upper conducting layer 40’
of the first semi-finished product 50, wherein the
compound signal layer 70 covers the antenna cavity
60. The compound signal layer 70 comprises a die-
lectric no-flow prepreg layer 76 and a conducting
metal layer 78.

- The first semi-finished product 50 and the compound
signal layer 70 are laminated together.

- The antenna design area 6 is structured on the upper
side of the dielectric no-flow prepreg layer 76 - made
of the conducting metal layer 78 material.

- A layer arrangement of a further dielectric insulating
layer 30 and a further conducting layer 40 are
stacked up on the compound signal layer 70 and are
laminated and the intermediate printed circuit board
product 80 is obtained.

[0081] The further dielectric insulating layer 30 and the
further conducting layer 40 both have recesses 39, 49
that are in registry with the antenna cavity 60 beneath
the compound signal layer 70. Thus an antenna recess
150 is formed. To be able to form a recess 39 with exact
side walls, usage of a low-flow material or no-flow mate-
rial as further dielectric insulating layer 30 is preferred.
Alternatively the antenna recess 150 could also be man-
ufactured via 2.5D technology developed by the appli-
cant.
[0082] Optionally side walls within the antenna recess
150 can be metallized and have for example a copper
coating.
[0083] As can also be seen in Fig. 10, shielding vias
110 are manufactured and are arranged within the print-
ed circuit board product 1 in a distance 115 in regard to
the antenna cavity 60. Further shielding vias 110 are ar-
ranged within the printed circuit board 1 close to the an-
tenna recess 150.
[0084] In regard to the lower part that is shown in Fig.
10 below the core material 130: As said before according
to SBU technique applied for this manufacture, layer wise
build-up is formed one after the other on both sides of
the core material 130 simultaneously. As depicted also
the lower part which is indicated here as intermediate
printed circuit board product 80’, comprises a layer ar-
rangement of insulating layers 30, 30’, 30", 30’" and of
conducting layers 40, 40’, 40", 40’’’ that are attached ac-
cordingly. The multi-layer build up is laminated.
[0085] Structured solder masks 91 are applied on both
exterior sides of the multi-layer build-up. A vent through-
hole 69 is manufactured between the ground-plane area

of the cavity 60 and the lower exterior side of the multi-
layer build-up. Thus a pressure compensation can take
place between the inside pressure within the air gap of
the antenna cavity 60 and the surrounding pressure out-
side of the PCB. Also a plated through hole 120 is shown
that runs through printed circuit board 1.
[0086] Not shown in Fig. 10 is the assembly of a RFIC-
chip on already prepared solder pads 96 that are con-
nected via a HF antenna signal line 104 to the antenna
structure 5. The antenna signal line 104 is positioned on
the upper side of the dielectric no-flow prepreg layer 76
and is structured together with the antenna design area
6 within the same manufacturing step. The RFIC-chip in
this embodiment will be surface-mounted within the dig-
ital processing area 105 on the upper exterior side of the
printed circuit board 1. Afterwards the outer surfaces 99
are finished to obtain a finished printed circuit board 1
with an antenna structure 5 according to the invention.
Alternatively or in addition to a RFIC-chip that is surface
mounted close to the antenna cavity 60, further parts or
components of the signal processing unit can be surface-
mounted and/or embedded within the marked digital
processing area 105. Also not shown in Fig. 10 are pos-
sible further antenna structures 5 comprising antenna
cavities 60 that may be arranged within the upper part
80 and/or the lower part 80’ of the printed circuit board 1.

LIST OF ABBREVIATIONS

[0087]

1 printed circuit board
5 antenna structure
6 antenna design area
10 ground layer
11 exterior side of ground layer
12 antenna subarea
14 (first) conducting metal layer
16 (second) conducting metal layer
16’ further conducting metal layer
18 insulating layer
18’ further insulating layer
20 release layer
22 position of release layer on exterior ground layer

side
25 release layer shape
30 dielectric insulating layer
30’ further dielectric insulating layer (30", etc.)
31 first (upper) exterior side of dielectric insulating

layer
32 second (lower) exterior side of dielectric insulat-

ing layer
35 dielectric insulating layer height
39 recess within dielectric insulating layer
40 conducting layer
40’ further conducting layer (40", etc.)
41 first (upper) exterior side of conducting layer
42 second (lower) exterior side of conducting layer

21 22 



EP 3 211 977 B1

13

5

10

15

20

25

30

35

40

45

50

55

45 conducting layer height
49 recess within conducting layer
50 (first) semi-finished product
51 exterior side of first semi-finished product
60 antenna cavity
61 cavity projection area
62 ground-plane area of antenna cavity
65 cavity height
66 coating
67 side wall within antenna cavity
68 side wall within antenna cavity
69 vent through-hole
70 compound signal layer
71 exterior side of signal layer
75 compound antenna layer
76 dielectric no-flow prepreg layer
78 conducting metal layer
80 intermediate printed circuit board product
81 (first) exterior side of intermediate printed circuit

board product
82 (second) exterior side of intermediate printed cir-

cuit board product
90 solder layer
91 solder mask on (first) exterior side of intermediate

printed circuit board product
92 solder mask on (second) exterior side of interme-

diate printed circuit board product
95 recess within solder mask
96 solder pad
99 outer surface of printed circuit board
100 digital processing structure
101 signal processing unit
102 RFIC-chip
103 interconnection pin
104 antenna signal line
105 digital processing area
110 shielding via
115 distance between shielding via and antenna cav-

ity
120 plated through hole
125 distance between antenna cavity and digital

processing structure
130 core material
150 antenna recess

Claims

1. A method for layer-wise producing of an intermediate
printed circuit board product (80) with an antenna
structure (5), comprising the following steps:

- Providing a ground layer (10);
- Optionally attaching a release layer (20) with
a release layer shape (25) on one exterior side
(11) of the ground layer (10), wherein the release
layer (20) is removably positioned (22) on an
antenna subarea (12) of the exterior side (11)

of the ground layer (10);
- Attaching a dielectric insulating layer (30) di-
rectly on one exterior side (11) of the ground
layer (10) that is if applicable partly covered by
the release layer (20), wherein the release layer
(20) is arranged between the ground layer (10)
and the dielectric insulating layer (30);
- Attaching a conducting layer (40) directly on a
first exterior side (31) of the dielectric insulating
layer (30) opposite to the ground layer (10)
wherein the dielectric insulating layer (30) is ar-
ranged between the conducting layer (40) and
the ground layer (10);
- Laminating layer-wise of the ground layer (10),
the at least one dielectric insulating layer (30,
30’), the at least one conducting layer (40, 40’)
and if applicable the release layer (20) and
- Optionally attaching a layer arrangement on a
first exterior side (41) of said conducting layer
(40), said layer arrangement comprising at least
one further dielectric insulating layer (30’, 30")
and at least one further conducting layer (40’,
40"), whereby at least one further dielectric in-
sulating layer (30’) is attached on said first ex-
terior side (41) of the conducting layer (40) and
at least one further conducting layer (40’) is at-
tached on a first exterior side (31) of at least one
further dielectric insulating layer (30’, 30"),
to obtain a first semi-finished product (50);
- Manufacturing of at least one antenna cavity
(60) within the first semi-finished product (50)
starting on its exterior side (51) that is made up
of the at least one conducting layer (40, 40’) and
extending throughout at least one conducting
layer (40) as well as at least one dielectric insu-
lating layer (30) with a cavity height (65) equal
to the sum of at least one conducting layer height
(45) and at least one dielectric insulating layer
height (35), wherein if applicable a cavity pro-
jection area (61) corresponds to the release lay-
er shape (25) and is positioned (22) on the an-
tenna subarea (12) covered by the release layer
(20) and wherein a ground-plane area (62) of
the cavity (60) is made up of the release layer
(20);
- Optionally coating (66) of the side walls (67,
68) within the antenna cavity (60);
- Attaching a compound signal layer (70) on the
exterior side (51) made up of the conducting lay-
er (40) of the first semi-finished product (50),
wherein the compound signal layer (70) covers
the antenna cavity (60);
- Laminating of the first semi-finished product
(50) and the compound signal layer (70) to ob-
tain an intermediate printed circuit board product
(80).

2. A method for layer-wise producing of an intermediate
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printed circuit board product (80) with an antenna
structure (5), comprising the following steps:

- Providing a ground layer (10);
- Attaching a dielectric insulating layer (30) di-
rectly on one exterior side (11) of the ground
layer (10), wherein the dielectric insulating layer
(30) has at least one recess (39) extending
throughout the dielectric insulating layer height
(35) of the dielectric insulating layer (30), and
wherein the at least one recess (39) is positioned
on an antenna subarea (12) of the exterior side
(11) of the ground layer (10);
- Attaching a conducting layer (40) directly on a
first exterior side (31) of the dielectric insulating
layer (30) opposite to the ground layer (10),
wherein the dielectric insulating layer (30) is ar-
ranged between the conducting layer (40) and
the ground layer (10), and wherein the conduct-
ing layer (40) preferably has at least one recess
(49) extending throughout the conducting layer
height (45) of the conducting layer (40) which at
least one recess (49) is positioned coextensive
with the at least one recess (39) of the dielectric
insulating layer (30);
- Laminating layer-wise of the ground layer (10),
the at least one dielectric insulating layer (30)
and the at least one conducting layer (40) and
- Optionally attaching a layer arrangement on a
first exterior side (41) of said conducting layer
(40), said layer arrangement comprising at least
one further dielectric insulating layer (30’, 30")
and at least one further conducting layer (40’,
40"), whereby at least one further dielectric in-
sulating layer (30’, 30") is attached on said first
exterior side (41) of the conducting layer (40)
and at least one further conducting layer (40’) is
attached on a first exterior side (31) of at least
one further dielectric insulating layer (30’), and
wherein preferably at least one further dielectric
insulating layer (30’, 30") and at least one further
conducting layer (40’, 40") has at least one re-
cess (39, 49) that is positioned in registry with
at least one of the preceding recesses (39, 49)
as well as in registry with an antenna subarea
(12) on the exterior side (11) of the ground layer
(10),
to obtain a first semi-finished product (50);
- Receiving at least one antenna cavity (60) with-
in the first semi-finished product (50) starting on
its exterior side (51) that is made up of the recess
(49) of at least one conducting layer (40) as well
as the coextensive recess (39) of at least one
dielectric insulating layer (30), the at least one
antenna cavity (60) comprising a cavity height
(65) equal to the sum of at least one conducting
layer height (45) and at least one dielectric in-
sulating layer height (35), wherein a cavity pro-

jection area (65) of the antenna cavity (60) is
positioned (22) on the antenna subarea (12);
- Optionally coating (66) of the side walls (67,
68) within the antenna cavity (60);
- Attaching a compound signal layer (70) on the
exterior side (51) made up of the conducting lay-
er (40) of the first semi-finished product (50),
wherein the compound signal layer (70) covers
the at least one antenna cavity (60);
- Laminating of the first semi-finished product
(50) and the compound signal layer (70) to ob-
tain an intermediate printed circuit board product
(80).

3. The method according to claim 1 or 2, characterized
in that the compound signal layer (70) comprises a
dielectric no-flow prepreg layer (76) and a conduct-
ing metal layer (78) directly attached to the dielectric
no-flow prepreg layer (76) wherein the dielectric no-
flow prepreg layer (76) is attached to a conducting
layer (40) of the first semi-finished product (50).

4. The method according to any of claims 1 to 3, char-
acterized in that the ground layer (10) is made of a
laminated compound layer comprising at least two
conducting metal layers (14, 16) laminated with an
insulating layer (18) in between the at least two con-
ducting metal layers (14, 16), where optionally a lay-
er arrangement comprising at least one further insu-
lating layer (18’) and at least one further conducting
metal layer (16’) is stacked up and is laminated with
the preceding layers to form the laminated com-
pound layer.

5. The method according to any of claims 1 to 4, char-
acterized in that the antenna cavity (60) has a vent
through-hole (69) arranged between the ground-
plane area (62) of the cavity (60) and an exterior side
(82) of the intermediate printed circuit board product
(80).

6. The method according to any of claims 1 to 5, char-
acterized in that the antenna cavity (60) is surround-
ed with shielding vias (110) that are arranged within
the laminated ground layer (10) and/or at least one
dielectric insulating layer (30) and/or at least one
conducting layer (40) and/or compound signal layer
(70) in a distance (115) in regard to the antenna cav-
ity (60).

7. The method according to any of claims 1 to 6, char-
acterized in that the antenna structure (5) compris-
es an antenna design area (6) that is arranged on
an exterior side (71) of the compound signal layer
(70).

8. The method according to any of claims 1 to 7, char-
acterized in that a digital processing area (105) with
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a digital processing structure (100) comprising at
least one signal processing unit (101) is mounted on
or embedded within the intermediate printed circuit
board product (80) in a distance (125) in regard to
the antenna cavity (60), whereby the signal process-
ing unit (101) is connected via at least one antenna
signal line (104) with the antenna structure (5) and
is designed for analogue and digital signal process-
ing of antenna signals.

9. The method according to any of claims 1 to 8, char-
acterized in that solder masks (91, 92) are affixed
on one or both exterior sides (81, 82) of one inter-
mediate printed circuit board product (80) or on one
or both exterior sides (81, 82) of at least two previ-
ously interconnected and stacked-up intermediate
printed circuit board products (80).

10. An intermediate printed circuit board product (80)
with an antenna structure (5), characterized in that
at least one antenna cavity (60) is arranged within a
first semi-finished product (50) comprising at least
one ground layer (10), at least one dielectric insulat-
ing layer (30) which is directly attached to the ground
layer (10) and at least one conducting layer (40)
which is directly attached to the dielectric insulating
layer (30) opposite to the ground layer (10) in a way
that the at least one dielectric insulating layer (30) is
arranged in direct contact between the at least one
conducting layer (40) and the ground layer (10),
whereby the ground layer (10), the at least one die-
lectric insulating layer (30) and the at least one con-
ducting layer (40) are laminated, and wherein the
antenna cavity (60) touches the ground layer (10)
alongside a ground-plane area (62) and extends
throughout the at least one conducting layer (40) as
well as the at least one dielectric insulating layer (30)
with a cavity height (65) equal to the sum of at least
one conducting layer height (45) and of at least one
dielectric insulating layer height (35), wherein a com-
pound signal layer (70) is attached on the conducting
layer (40) of the first semi-finished product (50) cov-
ering the antenna cavity (60), and the first semi-fin-
ished product (50) and the compound signal layer
(70) are laminated, whereby the antenna cavity (60)
is surrounded with shielding vias (110) that are ar-
ranged within the ground layer (10) and/or dielectric
insulating layer (30) and/or conducting layer (40)
and/or compound signal layer (70) in a distance
(115) to the antenna cavity (60).

11. The intermediate printed circuit board product (80)
according to claim 10, characterized in that the
compound signal layer (70) comprises a dielectric
no-flow prepreg layer (76) and a conducting metal
layer (78) directly attached to the dielectric no-flow
prepreg layer (76) wherein the dielectric no-flow pre-
preg layer (76) is attached to a conducting layer (40)

of the first semi-finished product (50).

12. The intermediate printed circuit board product (80)
according to claim 10 or 11, characterized in that
a digital processing area (105) with a digital process-
ing structure (100) comprising at least one signal
processing unit (101) is mounted on or embedded
within the intermediate printed circuit board product
(80) in a distance (125) to the antenna cavity (60),
whereby the processing unit (101) is connected via
at least one antenna signal line (104) with the anten-
na structure (5) and is designed for analogue and
digital signal processing of antenna signals.

13. The intermediate printed circuit board product (80)
according to any of claims 10 to 12, characterized
in that at least one antenna cavity (60) has a vent
through-hole (69) starting from the ground-plane ar-
ea (62) and passing throughout the laminated
ground layer (10).

14. The intermediate printed circuit board product (80)
according to any of claims 10 to 13, characterized
in that the antenna structure (5) comprises an an-
tenna design area (6) that is arranged on an exterior
side (71) of the compound signal layer (70), prefer-
ably said antenna design area (6) is arranged above
the antenna cavity (60), particularly preferred said
antenna design area (6) is arranged within a cavity
projection area (61) as outer contour of the antenna
cavity (60) beneath.

15. The intermediate printed circuit board product (80)
according to claim 14, characterized in that the an-
tenna design area (6) on the exterior side (71) of the
compound signal layer (70) is arranged within an an-
tenna recess (150) below of an exterior side (81, 82)
of the intermediate printed circuit board product (80).

16. The intermediate printed circuit board product (80)
according to any of claims 10 to 15, characterized
in that the shielding vias (110) surrounding the an-
tenna cavity (60) are arranged within layers above
and/or sidewards and/or below of the antenna cavity
(60).

17. The intermediate printed circuit board product (80)
according to any of claims 10 to 16, characterized
in that the antenna cavity (60) is coated with a metal
coating (66) on its side walls (67, 68).

18. A printed circuit board (1) with an antenna structure
(5) comprising at least one intermediate printed cir-
cuit board product (80) according to any of claims
10 to 17, characterized in that a solder mask (91,
92) is applied on one or both exterior sides (81, 82)
of one intermediate printed circuit board product (80)
or on one or both exterior sides (81, 82) of at least
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two previously interconnected and stacked-up inter-
mediate printed circuit board products (80).

19. A printed circuit board (1) according to claim 18,
characterized in that the antenna structure (5) com-
prises an antenna design area (6) that is arranged
on an exterior side (71) of the compound signal layer
(70), preferably said antenna design area (6) is ar-
ranged above the antenna cavity (60), particularly
preferred said antenna design area (6) is arranged
within a cavity projection area (61) as outer contour
of the antenna cavity (60) beneath.

20. The printed circuit board product (1) according to
claim 19, characterized in that the antenna design
area (6) on the exterior side (71) of the compound
signal layer (70) is arranged within an antenna re-
cess (150) below an outer surface (99) of the printed
circuit board (1).

Patentansprüche

1. Verfahren zum schichtweisen Herstellen eines Lei-
terplattenzwischenprodukts (80) mit einer Anten-
nenstruktur (5), umfassend die folgenden Schritte:

- Bereitstellen einer Erdungsschicht (10);
- Optionales Anbringen einer Trennschicht (20)
mit einer Trennschichtform (25) auf einer Au-
ßenseite (11) der Erdungsschicht (10), wobei
die Trennschicht (20) auf einem Antennenteil-
bereich (12) der Außenseite (11) der Erdungs-
schicht (10) lösbar positioniert (22) ist;
- Anbringen einer dielektrischen Isolierschicht
(30) direkt auf einer Außenseite (11) der Er-
dungsschicht (10), die gegebenenfalls teilweise
von der Trennschicht (20) bedeckt ist, wobei die
Trennschicht (20) zwischen der Erdungsschicht
(10) und der dielektrischen Isolierschicht (30)
angeordnet ist;
- Anbringen einer leitenden Schicht (40) direkt
auf einer ersten Außenseite (31) der dielektri-
schen Isolierschicht (30) gegenüber der Er-
dungsschicht (10), wobei die dielektrische Iso-
lierschicht (30) zwischen der leitenden Schicht
(40) und der Erdungsschicht (10) angeordnet
ist;
- Schichtweises Laminieren der Erdungsschicht
(10), der mindestens einen dielektrischen Iso-
lierschicht (30, 30’), der mindestens einen lei-
tenden Schicht (40, 40’) und gegebenenfalls der
Trennschicht (20) und
- Optionales Anbringen einer Schichtanordnung
auf einer ersten Außenseite (41) der leitenden
Schicht (40), wobei die Schichtanordnung min-
destens eine weitere dielektrische Isolierschicht
(30’, 30") und mindestens eine weitere leitende

Schicht (40’, 40") umfasst, wobei mindestens ei-
ne weitere dielektrische Isolierschicht (30’) an
der ersten Außenseite (41) der leitenden
Schicht (40) angebracht ist und mindestens eine
weitere leitende Schicht (40’) an einer ersten Au-
ßenseite (31) der mindestens einen weiteren di-
elektrischen Isolierschicht (30’, 30") angebracht
ist, um ein erstes Halbfertigprodukt (50) zu er-
halten;
- Herstellen mindestens eines Antennenhohl-
raums (60) innerhalb des ersten Halbfertigpro-
dukts (50) ausgehend von dessen Außenseite
(51), der aus der mindestens einen leitenden
Schicht (40, 40’) gebildet ist und sich über min-
destens eine leitende Schicht (40) sowie min-
destens eine dielektrische Isolierschicht (30) er-
streckt, mit einer Hohlraumhöhe (65), die gleich
der Summe aus mindestens einer leitenden
Schichthöhe (45) und mindestens einer dielek-
trischen Isolierschichthöhe (35) ist, wobei gege-
benenfalls eine Hohlraumprojektionsfläche (61)
der Trennschichtform (25) entspricht und auf
dem von der Trennschicht (20) abgedeckten An-
tennenteilbereich (12) positioniert (22) ist und
wobei eine Erdungsebenenfläche (62) des
Hohlraums (60) von der Trennschicht (20) ge-
bildet wird;
- Optionales Beschichten (66) der Seitenwände
(67, 68) innerhalb des Antennenhohlraums (60);
- Anbringen einer Verbindungssignalschicht
(70) auf der Außenseite (51), die aus der leiten-
den Schicht (40) des ersten Halbfertigprodukts
(50) besteht, wobei die Verbindungssignal-
schicht (70) den Antennenhohlraum (60) ab-
deckt;
- Laminieren des ersten Halbfertigprodukts (50)
und der Verbindungssignalschicht (70), um ein
Leiterplattenzwischenprodukt (80) zu erhalten.

2. Verfahren zum schichtweisen Herstellen eines Lei-
terplattenzwischenprodukts (80) mit einer Anten-
nenstruktur (5), umfassend die folgenden Schritte:

- Bereitstellen einer Erdungsschicht (10);
- Anbringen einer dielektrischen Isolierschicht
(30) direkt auf einer Außenseite (11) der Er-
dungsschicht (10), wobei die dielektrische Iso-
lierschicht (30) mindestens eine Ausnehmung
(39) aufweist, die sich über die gesamte dielek-
trische Isolierschichthöhe (35) der dielektri-
schen Isolierschicht (30) erstreckt, und wobei
die mindestens eine Ausnehmung (39) auf ei-
nem Antennenteilbereich (12) der Außenseite
(11) der Erdungsschicht (10) positioniert ist;
- Anbringen einer leitenden Schicht (40) direkt
auf einer ersten Außenseite (31) der dielektri-
schen Isolierschicht (30) gegenüber der Er-
dungsschicht (10), wobei die dielektrische Iso-
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lierschicht (30) zwischen der leitenden Schicht
(40) und der Erdungsschicht (10) angeordnet ist
und wobei die leitende Schicht (40) vorzugswei-
se mindestens eine sich über die gesamte lei-
tende Schichthöhe (45) der leitenden Schicht
(40) erstreckende Ausnehmung (49) aufweist,
die koextensiv zu der mindestens einen Aus-
nehmung (39) der dielektrischen Isolierschicht
(30) angeordnet ist;
- Schichtweises Laminieren der Erdungsschicht
(10), der mindestens einen dielektrischen Iso-
lierschicht (30) und der mindestens einen leiten-
den Schicht (40) und
- Optionales Anbringen einer Schichtanordnung
auf einer ersten Außenseite (41) der leitenden
Schicht (40), wobei die Schichtanordnung min-
destens eine weitere dielektrische Isolierschicht
(30’, 30") und mindestens eine weitere leitende
Schicht (40’, 40") umfasst, wobei mindestens ei-
ne weitere dielektrische Isolierschicht (30’, 30")
an der ersten Außenseite (41) der leitenden
Schicht (40) angebracht ist und mindestens eine
weitere leitende Schicht (40’) an einer ersten Au-
ßenseite (31) der mindestens einen weiteren di-
elektrischen Isolierschicht (30’) angebracht ist
und wobei vorzugsweise mindestens eine wei-
tere dielektrische Isolierschicht (30’, 30") und
mindestens eine weitere leitende Schicht (40’,
40") mindestens eine Ausnehmung (39, 49) auf-
weist, die in Deckung mit mindestens einer der
vorhergehenden Ausnehmungen (39, 49) sowie
in Deckung mit einem Antennenteilbereich (12)
auf der Außenseite (11) der Erdungsschicht (10)
positioniert ist, um ein erstes Halbfertigprodukt
(50) zu erhalten;
- Erhalten mindestens eines Antennenhohl-
raums (60) innerhalb des ersten Halbfertigpro-
dukts (50), ausgehend von dessen Außenseite
(51), der aus der Ausnehmung (49) mindestens
einer leitenden Schicht (40) sowie der koexten-
siven Ausnehmung (39) mindestens einer die-
lektrischen Isolierschicht (30) gebildet ist, der
mindestens eine Antennenhohlraum (60) eine
Hohlraumhöhe (65) aufweist, die gleich der
Summe aus mindestens einer leitenden
Schichthöhe (45) und mindestens einer dielek-
trischen Isolierschichthöhe (35) ist, wobei ein
Hohlraumprojektionsbereich (65) des Anten-
nenhohlraums (60) auf dem Antennenteilbe-
reich (12) positioniert (22) ist;
- Optionales Beschichten (66) der Seitenwände
(67, 68) innerhalb des Antennenhohlraums (60);
- Anbringen einer Verbindungssignalschicht
(70) auf der Außenseite (51), die aus der leiten-
den Schicht (40) des ersten Halbfertigprodukts
(50) besteht, wobei die Verbindungssignal-
schicht (70) den mindestens einen Antennen-
hohlraum (60) abdeckt;

- Laminieren des ersten Halbfertigprodukts (50)
und der Verbindungssignalschicht (70), um ein
Leiterplattenzwischenprodukt (80) zu erhalten.

3. Verfahren nach Anspruch 1 oder 2, dadurch ge-
kennzeichnet, dass die Verbindungssignalschicht
(70) eine dielektrische No-Flow-Prepreg-Schicht
(76) und eine leitende Metallschicht (78) umfasst,
die direkt an der dielektrischen No-Flow-Prepreg-
Schicht (76) angebracht ist, wobei die dielektrische
No-Flow-Prepreg-Schicht (76) an einer leitenden
Schicht (40) des ersten Halbfertigprodukts (50) an-
gebracht ist.

4. Verfahren nach einem der Ansprüche 1 bis 3, da-
durch gekennzeichnet, dass die Erdungsschicht
(10) aus einer laminierten Verbindungsschicht be-
steht, die mindestens zwei leitende Metallschichten
(14, 16) umfasst, die mit einer Isolierschicht (18) zwi-
schen den mindestens zwei leitenden Metallschich-
ten (14, 16) laminiert sind, wobei gegebenenfalls ei-
ne Schichtanordnung aus mindestens einer weite-
ren Isolierschicht (18’) und mindestens einer weite-
ren leitenden Metallschicht (16’) aufgestapelt und
mit den vorhergehenden Schichten zu der laminier-
ten Verbindungsschicht laminiert wird.

5. Verfahren nach einem der Ansprüche 1 bis 4, da-
durch gekennzeichnet, dass der Antennenhohl-
raum (60) ein Entlüftungsdurchlassloch (69) auf-
weist, das zwischen dem Erdungsebenenbereich
(62) des Hohlraums (60) und einer Außenseite (82)
des Leiterplattenzwischenprodukts (80) angeordnet
ist.

6. Verfahren nach einem der Ansprüche 1 bis 5, da-
durch gekennzeichnet, dass der Antennenhohl-
raum (60) mit Abschirmvias (110) umgeben wird, die
innerhalb der laminierten Erdungsschicht (10)
und/oder mindestens einer dielektrischen Isolier-
schicht (30) und/oder mindestens einer leitenden
Schicht (40) und/oder Verbindungssignalschicht
(70) in einem Abstand (115) mit Bezug zum Anten-
nenhohlraum (60) angeordnet sind.

7. Verfahren nach einem der Ansprüche 1 bis 6, da-
durch gekennzeichnet, dass die Antennenstruktur
(5) einen Antennendesignbereich (6) umfasst, der
auf einer Außenseite (71) der Verbindungssignal-
schicht (70) angeordnet ist.

8. Verfahren nach einem der Ansprüche 1 bis 7, da-
durch gekennzeichnet, dass ein digitaler Verarbei-
tungsbereich (105) mit einer digitalen Verarbei-
tungsstruktur (100), die mindestens eine Signalver-
arbeitungseinheit (101) umfasst, auf dem Leiterplat-
tenzwischenprodukt (80) in einem Abstand (125)
zum Antennenhohlraum (60) angebracht oder darin
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eingebettet ist, wobei die Signalverarbeitungseinheit
(101) über mindestens eine Antennensignalleitung
(104) mit der Antennenstruktur (5) verbunden ist und
zur analogen und digitalen Signalverarbeitung von
Antennensignalen ausgelegt ist.

9. Verfahren nach einem der Ansprüche 1 bis 8, da-
durch gekennzeichnet, dass Lötmasken (91, 92)
auf einer oder beiden Außenseiten (81, 82) eines
Leiterplattenzwischenprodukts (80) oder auf einer
oder beiden Außenseiten (81, 82) von mindestens
zwei zuvor miteinander verbundenen und gestapel-
ten Leiterplattenzwischenprodukten (80) aufge-
bracht werden.

10. Leiterplattenzwischenprodukt (80) mit einer Anten-
nenstruktur (5), dadurch gekennzeichnet, dass
mindestens ein Antennenhohlraum (60) innerhalb
eines ersten Halbfertigprodukts (50) angeordnet ist,
das mindestens eine Erdungsschicht (10) umfasst,
mindestens eine dielektrische Isolierschicht (30), die
direkt an der Erdungsschicht (10) angebracht ist, und
mindestens eine leitende Schicht (40), die direkt an
der dielektrischen Isolierschicht (30) gegenüber der
Erdungsschicht (10) in einer Weise angebracht ist,
dass die mindestens eine dielektrische Isolierschicht
(30) in direktem Kontakt zwischen der mindestens
einen leitenden Schicht (40) und der Erdungsschicht
(10) angeordnet ist, wobei die Erdungsschicht (10),
die mindestens eine dielektrische Isolierschicht (30)
und die mindestens eine leitende Schicht (40) lami-
niert sind, und wobei der Antennenhohlraum (60) die
Erdungsschicht (10) entlang eines Erdungsebenen-
bereichs (62) berührt und sich durch die mindestens
eine leitende Schicht (40) sowie die mindestens eine
dielektrische Isolierschicht (30) mit einer Hohlraum-
höhe (65) erstreckt, die gleich der Summe der Höhe
der mindestens einen leitenden Schicht (45) und der
Höhe der mindestens einen dielektrischen Isolier-
schicht (35) ist, wobei auf der leitenden Schicht (40)
des den Antennenhohlraum (60) abdeckenden ers-
ten Halbfertigprodukts (50) eine Verbindungssignal-
schicht (70) aufgebracht ist, und das erste Halbfer-
tigprodukt (50) und die Verbindungssignalschicht
(70) laminiert sind, wobei der Antennenhohlraum
(60) mit Abschirmdurchkontaktierungen (110) um-
geben ist, die innerhalb der Erdungsschicht (10)
und/oder dielektrischen Isolierschicht (30) und/oder
leitenden Schicht (40) und/oder Verbindungssignal-
schicht (70) in einem Abstand (115) zum Antennen-
hohlraum (60) angeordnet sind.

11. Leiterplattenzwischenprodukt (80) nach Anspruch
10, dadurch gekennzeichnet, dass die Verbin-
dungssignalschicht (70) eine dielektrische No-Flow-
Prepreg-Schicht (76) und eine leitende Metallschicht
(78) umfasst, die direkt an der dielektrischen No-
Flow-Prepreg-Schicht (76) angebracht ist, wobei die

dielektrische No-Flow-Prepreg-Schicht (76) an einer
leitenden Schicht (40) des ersten Halbfertigprodukts
(50) angebracht ist.

12. Leiterplattenzwischenprodukt (80) nach Anspruch
10 oder 11, dadurch gekennzeichnet, dass ein di-
gitaler Verarbeitungsbereich (105) mit einer digitalen
Verarbeitungsstruktur (100), die mindestens eine Si-
gnalverarbeitungseinheit (101) umfasst, auf dem
Leiterplattenzwischenprodukt (80) in einem Abstand
(125) zum Antennenhohlraum (60) angebracht oder
darin eingebettet ist, wobei die Verarbeitungseinheit
(101) über mindestens eine Antennensignalleitung
(104) mit der Antennenstruktur (5) verbunden ist und
zur analogen und digitalen Signalverarbeitung von
Antennensignalen ausgelegt ist.

13. Leiterplattenzwischenprodukt (80) nach einem der
Ansprüche 10 bis 12, dadurch gekennzeichnet,
dass mindestens ein Antennenhohlraum (60) ein
vom Erdungsebenenbereich (62) ausgehendes und
durch die laminierte Erdungsschicht (10) verlaufen-
des Entlüftungsdurchlassloch (69) aufweist.

14. Leiterplattenzwischenprodukt (80) nach einem der
Ansprüche 10 bis 13, dadurch gekennzeichnet,
dass die Antennenstruktur (5) einen Antennendesi-
gnbereich (6) aufweist, der auf einer Außenseite (71)
der Verbindungssignalschicht (70) angeordnet ist,
vorzugsweise ist der Antennendesignbereich (6)
oberhalb des Antennenhohlraums (60) angeordnet,
besonders bevorzugt ist der Antennendesignbe-
reich (6) innerhalb eines Hohlraumprojektionsbe-
reichs (61) als Außenkontur des darunterliegenden
Antennenhohlraums (60) angeordnet.

15. Leiterplattenzwischenprodukt (80) nach Anspruch
14, dadurch gekennzeichnet, dass der Antennen-
designbereich (6) auf der Außenseite (71) der Ver-
bindungssignalschicht (70) innerhalb einer Anten-
nenausnehmung (150) unterhalb einer Außenseite
(81, 82) des Leiterplattenzwischenprodukts (80) an-
geordnet ist.

16. Leiterplattenzwischenprodukt (80) nach einem der
Ansprüche 10 bis 15, dadurch gekennzeichnet,
dass die den Antennenhohlraum (60) umgebenden
Abschirmvias (110) innerhalb von Schichten ober-
halb und/oder seitlich und/oder unterhalb des Anten-
nenhohlraums (60) angeordnet sind.

17. Leiterplattenzwischenprodukt (80) nach einem der
Ansprüche 10 bis 16, dadurch gekennzeichnet,
dass der Antennenhohlraum (60) an seinen Seiten-
wänden (67, 68) mit einer Metallbeschichtung (66)
versehen ist.

18. Leiterplatte (1) mit einer Antennenstruktur (5), die
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mindestens ein Leiterplattenzwischenprodukt (80)
nach einem der Ansprüche 10 bis 17 umfasst, da-
durch gekennzeichnet, dass eine Lötmaske (91,
92) auf einer oder beiden Außenseiten (81, 82) eines
Leiterplattenzwischenprodukts (80) oder auf einer
oder beiden Außenseiten (81, 82) von mindestens
zwei zuvor miteinander verbundenen und gestapel-
ten Leiterplattenzwischenprodukten (80) aufge-
bracht ist.

19. Leiterplatte (1) nach Anspruch 18, dadurch ge-
kennzeichnet, dass die Antennenstruktur (5) einen
Antennendesignbereich (6) umfasst, der auf einer
Außenseite (71) der Verbindungssignalschicht (70)
angeordnet ist, wobei vorzugsweise der Antennen-
designbereich (6) oberhalb des Antennenhohlraums
(60) angeordnet ist, wobei besonders bevorzugt der
Antennendesignbereich (6) innerhalb eines Hohl-
raumprojektionsbereichs (61) als Außenkontur des
darunter liegenden Antennenhohlraums (60) ange-
ordnet ist.

20. Leiterplattenprodukt (1) nach Anspruch 19, dadurch
gekennzeichnet, dass der Antennendesignbereich
(6) auf der Außenseite (71) der Verbindungssignal-
schicht (70) innerhalb einer Antennenausnehmung
(150) unterhalb einer Außenfläche (99) der Leiter-
platte (1) angeordnet ist.

Revendications

1. Procédé de production par couches d’un produit de
carte de circuit imprimé intermédiaire (80) avec une
structure d’antenne (5), comprenant les étapes sui-
vantes:

- fourniture d’une couche de masse (10);
- fixation facultative d’une couche anti-adhéren-
te (20) avec une forme de couche anti-adhéren-
te (25) sur un côté extérieur (11) de la couche
de masse (10), dans laquelle la couche anti-ad-
hérente (20) est positionnée de manière amovi-
ble (22) sur une sous-zone d’antenne (12) du
côté extérieur (11) de la couche de masse (10);
- fixation d’une couche isolante diélectrique (30)
directement sur un côté extérieur (11) de la cou-
che de masse (10) qui est le cas échéant par-
tiellement recouverte par la couche anti-adhé-
rente (20), dans lequel la couche anti-adhérente
(20) est disposée entre la couche anti-adhéren-
te (10) et la couche isolante diélectrique (30);
- fixation d’une couche conductrice (40) directe-
ment sur un premier côté extérieur (31) de la
couche isolante diélectrique (30) opposé à la
couche de masse (10), dans lequel la couche
isolante diélectrique (30) est disposée entre la
couche conductrice (40) et la couche de masse

(10);
- stratification par couches de la couche de mas-
se (10), de la au moins une couche isolante dié-
lectrique (30, 30’), de la au moins une couche
conductrice (40, 40’) et, le cas échéant, de la
couche anti-adhérente (20) et
- fixation facultative d’un agencement de cou-
ches sur une première face extérieure (41) de
ladite couche conductrice (40), ledit agence-
ment de couches comprenant au moins une
autre couche isolante diélectrique (30’, 30") et
au moins une autre couche conductrice (40’,
40"), moyennant quoi au moins une autre cou-
che isolante diélectrique (30’) est fixée sur ledit
premier côté extérieur (41) de la couche con-
ductrice (40) et au moins une autre couche con-
ductrice (40’) est fixée sur un premier extérieur
côté (31) d’au moins une autre couche isolante
diélectrique (30’, 30"), pour obtenir un premier
produit semi-fini (50);
- fabrication d’au moins une cavité d’antenne
(60) à l’intérieur du premier produit semi-fini (50)
en partant de sa face extérieure (51) constituée
de la au moins une couche conductrice (40, 40’)
et s’étendant sur au moins une couche conduc-
trice (40) ainsi qu’au moins une couche isolante
diélectrique (30) avec une hauteur de cavité (65)
égale à la somme d’au moins une hauteur de
couche conductrice (45) et d’au moins une hau-
teur de couche isolante diélectrique (35), dans
lequel, le cas échéant, une zone de projection
de cavité (61) correspond à la forme de la cou-
che anti-adhérente (25) et est positionnée (22)
sur la sous-zone d’antenne (12) recouverte par
la couche anti-adhérente (20) et dans laquelle
une zone de plan de masse (62) de la cavité
(60) est constituée de la couche anti-adhérente
(20);
- revêtement facultatif (66) des parois latérales
(67, 68) à l’intérieur de la cavité d’antenne (60) ;
- fixation d’une couche de signal composite (70)
sur le côté extérieur (51) constitué de la couche
conductrice (40) du premier produit semi-fini
(50), dans lequel la couche de signal composite
(70) recouvre la cavité d’antenne (60) ;
- stratification du premier produit semi-fini (50)
et de la couche de signal composite (70) pour
obtenir un produit de carte de circuit imprimé
intermédiaire (80).

2. Procédé de production par couches d’un produit de
carte de circuit imprimé intermédiaire (80) avec une
structure d’antenne (5), comprenant les étapes sui-
vantes:

- fourniture d’une couche de masse (10);
- fixation d’une couche isolante diélectrique (30)
directement sur un côté extérieur (11) de la cou-
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che de masse (10), dans lequel la couche iso-
lante diélectrique (30) a au moins un évidement
(39) s’étendant sur toute la hauteur de la couche
isolante diélectrique (35) de la couche isolante
diélectrique (30), et dans lequel le au moins un
évidement (39) est positionné sur une sous-zo-
ne d’antenne (12) du côté extérieur (11) de la
couche de masse (10);
- fixation d’une couche conductrice (40) directe-
ment sur un premier côté extérieur (31) de la
couche isolante diélectrique (30) opposée à la
couche de masse (10), dans lequel la couche
isolante diélectrique (30) est disposée entre la
couche conductrice (40) et la couche de masse
(10), et dans lequel la couche conductrice (40)
a de préférence au moins un évidement (49)
s’étendant sur toute la hauteur de couche con-
ductrice (45) de la couche conductrice (40) dont
au moins un évidement (49) est positionné de
manière coextensive avec au moins un évide-
ment (39) de la couche isolante diélectrique
(30);
- stratification par couches de la couche de mas-
se (10), de la au moins une couche isolante dié-
lectrique (30) et de la au moins une couche con-
ductrice (40) et
- fixation facultative d’un agencement de cou-
ches sur une première face extérieure (41) de
ladite couche conductrice (40), ledit agence-
ment de couches comprenant au moins une
autre couche isolante diélectrique (30’, 30") et
au moins une autre couche conductrice (40’,
40"), moyennant quoi au moins une autre cou-
che isolante diélectrique (30’, 30") est fixée sur
ledit premier côté extérieur (41) de la couche
conductrice (40) et au moins une autre couche
conductrice (40’) est fixée sur un premier côté
extérieur (31) d’au moins une autre couche iso-
lante diélectrique (30’), et dans lequel de préfé-
rence au moins une autre couche isolante dié-
lectrique (30’, 30") et au moins une autre couche
conductrice (40’, 40") présente au moins un évi-
dement (39, 49) qui est positionné en aligne-
ment avec au moins un des évidements précé-
dents (39, 49) ainsi qu’en alignement avec une
sous-zone d’antenne (12) sur le côté extérieur
(11) de la couche de masse (10), pour obtenir
un premier produit semi-fini (50);
- réception d’au moins une cavité d’antenne (60)
à l’intérieur du premier produit semi-fini (50) en
partant de sa face extérieure (51) constituée de
l’évidement (49) d’au moins une couche con-
ductrice (40) ainsi que de l’évidement coextensif
(39) d’au moins une couche isolante diélectrique
(30), la au moins une cavité d’antenne (60) com-
prenant une hauteur de cavité (65) égale à la
somme d’au moins une hauteur de couche con-
ductrice (45) et d’au moins une hauteur de cou-

che isolante diélectrique (35), dans lequel une
zone de projection de cavité (65) de la cavité
d’antenne (60) est positionnée (22) sur la sous-
zone d’antenne (12);
- revêtement facultatif (66) des parois latérales
(67, 68) à l’intérieur de la cavité d’antenne (60) ;
- fixation d’une couche de signal composite (70)
sur le côté extérieur (51) constitué de la couche
conductrice (40) du premier produit semi-fini
(50), dans lequel la couche de signal composite
(70) recouvre la au moins une cavité d’antenne
(60) ;
- stratification du premier produit semi-fini (50)
et de la couche de signal composite (70) pour
obtenir un produit de carte de circuit imprimé
intermédiaire (80).

3. Procédé selon la revendication 1 ou 2, caractérisé
en ce que la couche de signal composite (70) com-
prend une couche de préimprégné diélectrique sans
écoulement (76) et une couche métallique conduc-
trice (78) directement fixée à la couche de préimpré-
gné diélectrique sans écoulement (76), dans lequel
la couche de préimprégné diélectrique sans écoule-
ment (76) est fixée à une couche conductrice (40)
du premier produit semi-fini (50).

4. Procédé selon une quelconque des revendications
1 à 3, caractérisé en ce que la couche de masse
(10) est constituée d’une couche composite laminée
comprenant au moins deux couches métalliques
conductrices (14, 16) stratifiées avec une couche
isolante (18) en entre les au moins deux couches
métalliques conductrices (14, 16), dans lequel op-
tionnellement un agencement de couches compre-
nant au moins une autre couche isolante (18’) et au
moins une autre couche métallique conductrice (16’)
est empilé et est stratifié avec les couches précé-
dentes pour former la couche composite stratifiée.

5. Procédé selon une quelconque des revendications
1 à 4, caractérisé en ce que la cavité d’antenne
(60) présente un trou traversant d’évent (69) disposé
entre la zone de plan de masse (62) de la cavité (60)
et un côté extérieur (82) du produit de carte de circuit
imprimé intermédiaire (80).

6. Procédé selon une quelconque des revendications
1 à 5, caractérisé en ce que la cavité d’antenne
(60) est entourée de traversées de blindage (110)
disposés à l’intérieur de la couche de masse strati-
fiée (10) et/ou au moins une couche isolante diélec-
trique (30) et/ou au moins une couche conductrice
(40) et/ou une couche de signal composite (70) à
distance (115) par rapport à la cavité d’antenne (60).

7. Procédé selon une quelconque des revendications
1 à 6, caractérisé en ce que la structure d’antenne
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(5) comprend une zone de conception d’antenne (6)
qui est disposée sur un côté extérieur (71) de la cou-
che de signal composite (70).

8. Procédé selon une quelconque des revendications
1 à 7, caractérisé en ce qu’une zone de traitement
numérique (105) avec une structure de traitement
numérique (100) comprenant au moins une unité de
traitement de signal (101) est montée sur ou incor-
porée à l’intérieur du produit de carte de circuit im-
primé intermédiaire (80) à une distance (125) par
rapport à la cavité d’antenne (60), moyennant quoi
l’unité de traitement de signal (101) est connectée
via au moins une ligne de signal d’antenne (104) à
la structure d’antenne (5) et est conçue pour le trai-
tement des signaux analogiques et numériques des
signaux d’antenne.

9. Procédé selon une quelconque des revendications
1 à 8, caractérisé en ce que des masques de sou-
dure (91, 92) sont apposés sur une ou les deux faces
extérieures (81, 82) d’un produit de carte de circuit
imprimé intermédiaire (80) ou sur un ou les deux
côtés extérieurs (81, 82) d’au moins deux produits
de carte de circuit imprimé intermédiaire (80) préa-
lablement interconnectés et empilés.

10. Produit de carte de circuit imprimé intermédiaire (80)
avec une structure d’antenne (5), caractérisé en ce
qu’au moins une cavité d’antenne (60) est disposée
à l’intérieur d’un premier produit semi-fini (50) com-
prenant au moins une couche de masse (10), au
moins une couche isolante diélectrique (30) qui est
directement fixée à la couche de masse (10) et au
moins une couche conductrice (40) qui est directe-
ment fixée à la couche isolante diélectrique (30) op-
posée à la couche de masse (10) en une manière
dont la au moins une couche isolante diélectrique
(30) est disposée en contact direct entre la au moins
une couche conductrice (40) et la couche de masse
(10), moyennant quoi la couche de masse (10), au
moins un isolant diélectrique la couche (30) et la au
moins une couche conductrice (40) sont stratifiées,
et dans lequel la cavité d’antenne (60) touche la cou-
che de masse (10) le long d’une zone de plan de
masse (62) et s’étend à travers la au moins une cou-
che conductrice (40) ainsi que la au moins une cou-
che isolante diélectrique (30) avec une hauteur de
cavité (65) égale à la somme d’au moins une hauteur
de couche conductrice (45) et d’au moins une hau-
teur de couche isolante diélectrique (35), dans lequel
une couche de signal composite (70) est fixée sur la
couche conductrice (40) du premier produit semi-fini
(50) recouvrant la cavité d’antenne (60), et le premier
produit semi-fini (50) et la couche de signal compo-
site (70) sont stratifiés, moyennant quoi la cavité
d’antenne (60) est entouré de traversées de blindage
(110) qui sont disposées à l’intérieur de la couche

de masse (10) et/ou la couche isolante diélectrique
(30) et/ou la couche conductrice (40) et/ou de la cou-
che de signal composite (70) à distance (115) à la
cavité d’antenne (60).

11. Produit de carte de circuit imprimé intermédiaire (80)
selon la revendication 10, caractérisé en ce que la
couche de signal composite (70) comprend une cou-
che de préimprégné diélectrique sans écoulement
(76) et une couche métallique conductrice (78) di-
rectement fixée à la couche préimprégné diélectri-
que sans écoulement (76) dans lequel la couche de
préimprégné diélectrique sans écoulement (76) est
fixée à une couche conductrice (40) du premier pro-
duit semi-fini (50).

12. Produit de carte de circuit imprimé intermédiaire (80)
selon la revendication 10 ou 11, caractérisé en ce
qu’une zone de traitement numérique (105) avec
une structure de traitement numérique (100) com-
prenant au moins une unité de traitement de signal
(101) est montée sur ou intégrée dans le produit de
carte de circuit imprimé intermédiaire (80) à une dis-
tance (125) de la cavité d’antenne (60), moyennant
quoi l’unité de traitement (101) est connectée via au
moins une ligne de signal d’antenne (104) à la struc-
ture d’antenne (5) et est conçue pour le traitement
des signaux analogiques et numériques des signaux
d’antenne.

13. Produit de carte de circuit imprimé intermédiaire (80)
selon une quelconque des revendications 10 à 12,
caractérisé en ce qu’au moins une cavité d’antenne
(60) présente un trou traversant d’évent (69) partant
de la zone du plan de masse (62) et passant à travers
la couche de masse stratifiée (10).

14. Produit de carte de circuit imprimé intermédiaire (80)
selon une quelconque des revendications 10 à 13,
caractérisé en ce que la structure d’antenne (5)
comprend une zone de conception d’antenne (6) qui
est agencée sur un côté extérieur (71) de la couche
de signal composite (70), de préférence ladite zone
de conception d’antenne (6) est disposée au-dessus
de la cavité d’antenne (60), de manière particulière-
ment préférée, ladite zone de conception d’antenne
(6) est agencée à l’intérieur d’une zone de projection
de cavité (61) en tant que contour extérieur de la
cavité d’antenne (60) en dessous.

15. Produit de carte de circuit imprimé intermédiaire (80)
selon la revendication 14, caractérisé en ce que la
zone de conception d’antenne (6) sur le côté exté-
rieur (71) de la couche de signal composite (70) est
disposée à l’intérieur d’un évidement d’antenne
(150) au-dessous d’un côté extérieur (81, 82) du pro-
duit de carte de circuit imprimé intermédiaire (80).

39 40 



EP 3 211 977 B1

22

5

10

15

20

25

30

35

40

45

50

55

16. Produit de carte de circuit imprimé intermédiaire (80)
selon une quelconque des revendications 10 à 15,
caractérisé en ce que les traversées de blindage
(110) entourant la cavité d’antenne (60) sont dispo-
sées à l’intérieur de couches au-dessus et/ou sur le
côté et/ou au-dessous de la cavité d’antenne (60).

17. Produit de carte de circuit imprimé intermédiaire (80)
selon une quelconque des revendications 10 à 16,
caractérisé en ce que la cavité d’antenne (60) est
revêtue d’un revêtement métallique (66) sur ses pa-
rois latérales (67, 68).

18. Carte de circuit imprimé (1) avec une structure d’an-
tenne (5) comprenant au moins un produit de carte
de circuit imprimé intermédiaire (80) selon une quel-
conque des revendications 10 à 17, caractérisée
en ce qu’un masque de soudure (91, 92) est appli-
qué sur un ou les deux côtés extérieurs (81, 82) d’un
produit de carte de circuit imprimé intermédiaire (80)
ou sur un ou les deux côtés extérieurs (81, 82) d’au
moins deux produits de carte de circuit imprimé in-
termédiaire (80) préalablement interconnectés et
empilés.

19. Carte de circuit imprimé (1) selon la revendication
18, caractérisée en ce que la structure d’antenne
(5) comprend une zone de conception d’antenne (6)
qui est disposée sur un côté extérieur (71) de la cou-
che de signal composite (70), de préférence, ladite
zone de conception d’antenne (6) est agencée au-
dessus de la cavité d’antenne (60), de manière par-
ticulièrement préférée ladite zone de conception
d’antenne (6) est disposée dans une zone de pro-
jection de cavité (61) en tant que contour extérieur
de la cavité d’antenne (60) en dessous.

20. Produit de carte de circuit imprimé (1) selon la re-
vendication 19, caractérisé en ce que la zone de
conception d’antenne (6) sur le côté extérieur (71)
de la couche de signal composite (70) est disposée
à l’intérieur d’un évidement d’antenne (150) en des-
sous d’une surface extérieure (99) de la carte de
circuit imprimé (1).
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